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•;  exponential time- variation which leads to the postulate     that the primary 

mechanic?« for dark decay is one of thormal cctlvntion.    A Blight increase 

in elope (30$ to HOfy wao ohsarved for positive dark decay curves 

immediately after a hi*iof öjaoosureof the oiato to light, . 1Tb conaistnut 

change was ooscrvcd for the negntlvo dark fleööy evrVo under simll&r 

conditions.    Soaking a selenium-coated piato in. ethyl alcohol for 36 hears 

had no awaront offset on the flositivo decay curves, Wt lowered the 

initial negative potontial and inoroaaod the slope of the negativ«* decay 

curves.    An attempt to -duplicate tho results wan unsuccessful and the 

effects may:, therefore, "be doe to other causes.    Selenium v;ao evaporated 

onto stain'!©so steel j nickel, pold-rolldd-steel, and copper plateo in tho 

same ovoporat'on run»    She platen showod inferior prorjerttoo for pooitive 

charge and superior properties for negative charge in the above order. 

' which iö also th^ order öf de^roftoing thermal conductivity. 

'JJhroo mothods other than vacuum evaporation wore used for applying 

selenium films;    (l) spraying molten selenium,  {2) piaton, pressing as in 

rectifier production, and (5) ©praying selenium pigmonted paints.    She 

oolenlum structure and purity when uaod for (l) and (2) are important«. 

Io*ts wove therefore made on various typos of availahle selenium.    AftCJ 

selenium was satisfactory from hatch to hatch} B'3?„ aelenium appoaro to ho 

satisfactory, hut further tests are required; and 00& oelenium is not 

satisfactory without a thermal treatment apparently "because of tho presence 

of .grey hexagonal orystals?: 

Indications are that the properties gi electrophotographic 

platoon will,, in general, defend in part on the type of impurity content 

11        1 1 IIU—n—«••.f.L  i|.- 
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which röovlt-ß <?s a conölderaolo variation in tho quantity of charge accosted 

"by the platoe»    Using i5Q aolenium,  tho effect of binder material wao 

studied*    A'^arcntly tho "binder has no effect oa the elootrophotographie 

propertiro or the structure of the fliia.    It doeö affect the color of tho 

film»   förlon-Re-fcyl and oUicone are the hoot "bindern that have hoon found. 

Peat heat treatment. v/<%o xtßod to improve the electrophotographic cjualitioa: 

of eeleii^uffl^aTr-M^dor filmo,    Wo%%dMng wa0 uood to eliminate1 background 

; on printo from molten cmrayo.d oelenium filmen "but H. did not reduce the; 

overall "bacfcfjr&uhd.   fiaoovor film on pr&aood selenium platen omoothod oat 

tho aurfr.ee» hut failed to eliminate hacground.   A otudy of film atructure 

vorouo photo activity ton indicated (",l)= that a film with an appreciable . 

lunOuht of grey hexagonal oelonium or chemically precipitated rod selenium 

v/ili hot b© photoactive for oleetrophptogy/vhie xmrpoaes, arid (2) that = 

, cryotallinD, alpha-iaonocliftic and amorphous colenium etructuroe oupport 

photoactivity. . . - 

A. preliminary thoory relating electrophotographic eon-aitivity v/lth 

thq-molecular ptructu-pe of ^sensitive films'to explained-. =   '; 

Solon-iu^pigMönt^d paint fi'lmo were prepared which varied in 

thiefcndoB from O.QOOU to O.O.13 inch>. \    Filae loos: than oVöOk inch;    thicfe   : 

tool's la.00 charge and choked greater light and dark decay rai&ß»    Electro-* - 

photographic platan wore preparod "by hot ptfcioeing oelonium v'lth 1 pei" cent, 

to 10 por £öht sulphur additions*.   ttho ao)S:nit<ivity of tho platea apijearod 

; to decrease with tho inoreaa© of sulphur« 

ÜVeatß for phots&siivity '/ore inMe on StogS*^. ge£,, diamond, napthaleno 

; long^ohaih paraffin (Ibltiwax Vf-%j5>5.    |hooo materials, which wero oslected 

»41 1      .1' |~, 
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on the barsiö of their fundamental chemical structure,, »11 ohovred photo« 

activity»    Sects* weSe initiated to detorriino tho effecto of temperature 

treatment« (§0 tp ?0?'ö.) oh the -photoactivity of the solonium film,   tip 

effect was noted on s selenium-pigmented pardon-rosy! film.   A alight 

©hange in döäay ratpp v?aß observed on. a Gttlv>hur«aontaminatod film and a hot- 

oprayod selenium film.. 

yorty-four additional rn&fcsrlalö, lcnov/n or suspected, to be jphoto* 

active VQrJb tented for photoconductivity "by the pov/ctör method. 

Gleaning tho "base plates by vaner dcgroaoinf; vith isepropyl alcohol 

befpro vacuum evaporation of salonium eliminated spots on tho plate 

rooul^ing from poor hand cleaning«    Several platoc were prepared under 

controlled temperature, conditions,.    The plates hold at the iaweot tempera-? 

turos took on a thicker selenium; film for given conditionc of firing 

diotanco and. weight of .charge.   Hates maintained at or near room tenpesa"* 

ture> had a bluisji east.    Only small changes in alectrlcal Pharaotoristies 

tyßrp Pbaorvpdj = r" 

Plates prepared and stored la. total darltnood before Seating took 

on a low pbeitlvo charge and had a low velue of positive residual phargo» 

Selenium platoj prepared on aLuminum^eöatod .glase and on polished 

' braes showed £ mpre homogeneous and uniform background than that obtained 

ön polished aluminum plates»    An optical flat vaci used to measure the 

! thickness ,of the selenium f ilino. • 

fho UB& of a grounded auxiliary plöptrodo near the surface of an    . 

electrophotographic tolats/(l/i6 to j/lS inch)     during devolqpmpnt of the 

' iina^Sj reoulted in impyovpd pontinuoue tpnp and hotter d&vplcpmont oi 

DAWEUUe MElMORIAli INSTITUT« 
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largo dark areao»    Improved rooulta were aloo obtained on eontinuöuo-töno 

picturoo by flashing -the plate to a 120-line half-tono trandparency of 

uniform dot area (75$ opaque) beforo or after expo owe to the imago« 

ÜJhe vibrating probe oloctromoter was uoo& to raoasuro tho raoistivity 

of ethyl cpllulone.    Detailo of the oonotruotion end oparation of the 

vibrating probe olectromotor are included in the Appendix.: 

ä41oo disouoood in tho Jtopendlx are the «ethodfi used in tho 

preparation,, application» and toßting of selenium and photoactive fllraa, 

oquipment r-sv-ioieno in tho vacnuns unit, a pover^ cupply for sohi&tizing 

electrophotographic plateo,, and light oourcso for uop with the vibrating 

,probo; electromotor* , \ 

ywtät® WCfilC 

Experimental work for -ibst next throe months will concentrate on 

the following i5?oblemös -.: -      = c '   .. 

_  1.    Standardization of plate tp-oH-nß procedures. 

2. Preparation of electrophotographic • platejl using antimony 

trlottlfido-,  zinc titanato, and benzidilnp.. 

3. Study of tho initial potential, the apood,  and tho opoctral 

sensitivity of fioioniwtv, anthracene, oulfur, eulfur-oolenium-, antimony 

trianlfido, zinc titanato, and ben.zi.dinp electrophotographic plateo. 

%•    Detailed study of the ^reparation of uolenium-ooated electro- 

photographic platoe—both vaeuum-oyaposatod and painted plateo.    DJhe _ 

effect of (a) hacfeihg-plate -material, (b) irapuriiiepi  (o); temporaturo» 

(d) prepoure,  (e) film tfriplcnpaoi and (,f) oryotal ptrueturo, will   , 
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Vo investigated.    Haw hinders (photoactive ones, for example) will "bo 

sought for use in preparing painted plates to help reduce the "background 

in prints from the plates. 

§.    äüffoot of plate hiötoüy oft the- öloctrical characteristice of 

electrophotographic plates* 

5,    Investigation of tonperature treatment Of various phpto- 

öonduntlvo f lims ;(pr~of erred structures may result)-. 

7«    investigation of the asymmetry in positive and negative 

polarity data-j in- the light of (a) ^he theory pr6ööniea in this report, 

Ch] rectification theory, and (G) data on selenium rectifiers» 

S.    Eheerotical an&lyoöo of (a') the effect of pXate temperature 

on the decoy of electrical phargo from olootrophotographip plates in darle- 

ness,  (h)  thoe of tact of film, thickness on the electrical characteristics 

of photocpn&uotive layers, and (c) the di££eronoe in the photoaotivity of 

soloniuffir (tulftig.., ana'oyggaie cen^sundfi 

9»    Investigation of pposihle phptsconduetors.    Shis will include 

(a) the extension of the list of possible photoconduetors. and (h) the 

procurement and analysis- of these materials. 

10,    Investigation of electrophotographic developers and developing. 

techniques.    Smallor ppvdortu one^oomponent developers, and the of fest of 

a cpnatant potential electrod© mw the eloctrophotographie plate during 

thp developing operation, ttill %e.studied.» 

MaajalosaD 
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During the period of Septembor 15, 19HEJ, to December 1!5, I9U6, the 

following pubHcattonp wore reloaoed on electrophotography' 

1. Lite ^iagaBÜne*   A uorisa of photographo showing the baoic 

eloräonta and operation« involved in the prOpeps*    Detail» wore withhold 

on exact forraulatiönp and opocificatione.    5?hope photographs have not 

booh used to date» 

2. Newp Belöaee SaoKd-t*. A pssket of is^oEssition with photographs 

and a göhorai description of the prpceso wao prepared and toloaapd jointly 

by %tteile Memorial inetitutp and Eho Haloid Oöjnpany to the general preen 

and magazine roprecont^tivoa» 

3. Journal of the Optical Öopioty of Amorloa.    An article eatitlod 

; "Xerography v A Hew Erooosa of Photography and Graphic SoprQ4aetip.JV,,lf by 

H, H,  Schaffort and 0« Di» Oughton, waa roleasod for ^publication in 

Dooerabor,. I9U8.    tCh^a -article deacriboa all of the opsontlal detallfi of 

; «l^ctrojpXQtagEa^b^« 

A number- of dembnötrationo. of tho process of elp;atrpphotography/ 

' hayo boon gi^sn*   fhooo demonstrationa have ohown all of the opöpntial 

detail« (if tho pi-ecflps for contact-copy and cö»Qr.a-»oopy application»    A 

motipft pioture waä prepared and ohown&t theae demonutratione which 

rovoal&d the vacuum, evaporation of material to form plate a and »a dopc/rlptiph 

of all other major detai.lo of the: prooooo except for tho exact nature of 

the phötooonduetivö coating on the plfrto' and exact corapoalt4.6n of the 

do^lvoper iiaiorlalw ,- 
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tthis demonstration hao boon prooofctod "by IBattello Iferaoria}; 

Inotitute poroqnnol before the following groupei 

1. Approximately 20.0 ropreoontativos of newswaner and maga^i'a© 

qditorial etaffp at thö Waldörf-Aatöriä 'Hotel, How York, Itow York, ar 

October IS, ISU'Ö» 

2. Approximately 1000 inombarg and violfcorei of a mooting of She 

Optipal Sööiöty of Amorieft at Detroit., llichigarypn October 22, 19^6. 

3»   Approximately HO Army and iTavy representatives at tfaohington. 

•; 23. G'u «ft October SSt JkgHöi 

U,    Eelayioion audiohce ovor WABB network, 2Tew York City, on 

. November J, 19US* 

g*,'   Approximately gOö momboro and yioitor.fi of the rational Editorial 

. ADBOoiation at. Chicago, Iilinoio, on Tipvombor 19» 19H8.. 

6.    Approximately 12Ö0 röemboro and yieitoro of the Glass Conference, 

pponöorcd by the Ohio State Univorolty and the Univ.oroity of Illinois at 

Oölumbutf, Ohio^ oh Booombor 2, 19H8. 

7:»   Approximately 250 membere and yioltofes of the- Printing 

'' Indus trio 9 of Aiflorioa during, ä vioit to the Battelle Ilpmorial, Jhetittttfc   ; 

on- Deeomber 6,; 19US. c 

'   6«   ApprosafflfttQiy 150 .yopraeontatlVöB ef the Department of the &tw 

ftnä othor government off iess at the Pontagonv Äxi-l&'i'nß, Washington, D* 0», 

oh; Dopomber 3, 19^$. 

9»    Approximately 100 repreaentativoo of the Department of the Hayy 

and other go.yörxürtont off iceo at tho ITayy Building,. Washington, D. 0#, on, 

[ Discolbfr 9% I9-UÖ-. 
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An electrophotographic plate develops a latent electrostatic imago 

by a tvö-ötöp pyocons which can bo of tho following nature:   . 

1»    Saposing such a plat© in tho. dark to a passing wire (a ohöft 

distance abo've tho plato) or a series qf point a or othor oourpoo of aom<^> 

^mat similar geometry hold at high voltage In roopoct to the Saoo of tho 

piata, providing a corona discharge io Proooftt around tho wiro, or by 

chorging tho ourfoao by a contact with a tribooloctrlcally charged rod 

ouch as amber. 

2»    Subsequently exposing tho charged plate to light from a source 

f-pr which' an imago is dooirod. 

^Previous work on this project hap glvpn some information on (a) 

tho structural and Oloetrleal naturo of olootrophotographio oolonium films, 

(b)' typos of materials which can "bo photoconductlvo in the manner of 

electrophotographic needs,* (c) motivoda of mailing satisfactory films,, and 

(d) the raftgo of electrostatic and light intensity conditions for which 

present electrophotographic pl&tos can ho used«   Also, cömo very preliminary 

thöeriefl on 4&) the mechanism, of developing a latent oloctrootatic isiagQ» 

and (ib) a hypothetical model of thq film structure wora prooontod.    In 

addition) some analyses of light decay rates .v/oro made.   - 

AmoAg tho results of those studiao v/oro tho following^ 

1*    fn addition, to applying & oolonium film by evaporation, an 

oloc'trophotographlc film can bo mado by pigmontiftg a binder ouch as parlon- 

rozyl vith vitraous aslonium powdor, followed  by spraying, a thin film of 

this paint oai a baoö plato* 
. ' ÄBStDHlOffiSD 

.BA'tTlSLLte  MKM.OtflM.  INSTITUTES 

i&>*ww»?*M^t- 



I -i 

"75- .0x4.ij.02n3 

2*    Sflall particloo of groy hexagonal .selenium diöpereod in ja 

aiMil<ar hinder and eprayod did not produco film which would hold a aurfapo 

cöargo to the dark» 

jf    Selöniuäi, anthraeono, acbnaphthona,. oonÄidino, fluoranthono, 

phfypono, and sslnc tltonato oxhlhltod phptoa<jtiviiy. 

U>    Solonium-coatcd platoo showing doteotahlo sryptallinlty 

G^chihitod electrophotographic properties B.   - 

Through those roöultö, conff4demti&£s &t v&rlouo proiTejrtiao of 

'. electrophotographic film fnntorialo» and tho nature of tho, oloot-rophoto^ 

graphic procoon, It hag "been realised that an. important firnt ptpp in 

further dovelöplng oloptroph'jtography oho.uld conoipt of obtaining data on 

tho otrupture of oloctrophotograohio ffilron and offoetö of variouö factorö 

(known tö affec* Structure Of ffiatorxalo') on electrophotographic action» 

Experimental and thoorotlcal work! designed to augment the Informs:^ 
: tlbh, Bvunnarizod hriofly above, haß boon carried out alpng a number of 

difforpnt linöp and is dpooribod ift thie report. 

Tho report la divided into opvoral main sections.    Tho fdrat two 

' peptlonp which f ollow are poncornpd primarily with experimontß oiff a mproi 

or IpoB fundamental nature dpoignod to o»piöre tho offoct of a variety of 

varlablop on tho typo of p'hetoaotivity of Interest to this invootigatl/sn« 

for tho third portion, a theory iq developed relating tho eloctrOphotoaotlvo: 

; proo.Pppop obsorvpa to tho fundi^ontal ptructuro of tho gubptanoppwhiph hayo 

proved to ho oonaitivo«,   'V/hilo, the development of tho thoory iö not opmploto 

, It appcrarp to .account quailtivtslMiiyi at leapt, for tho various effqets 

obeorvod so far,, and furthermore, a^poaro to ho papab;Lp of being uapd to 

diroot rofloarph along thö most ^fruitful channel P» 
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She oxporimonto dooeribcd in tho soot'.on wore intended to "bo ao 

prociao ao ppeaiblo in order to "bring, out .»omo' of tho fine. doto.ilo that aro 

alwayo mioDod in nore oxplor&tory work.    SJvaporrted films woro ehööon for 

tJae purpose bocauco up to tho proüont ihoy are the moot sensitive oi the 

films oxplorodi,and odöauno tho Mnnor of this preparation probably allows 

mere complete control over variablen entering into tho formation, of ,tho 

film» than &o other methods, that htwo boon uood. 

Duwlloablllty ,of Decay Data 

In a -oboyot rationalization of experimental work, it la of prime 

importance to knew tho roproduoibility of data in order to bo abla to 

diotlnguioh between true and apuriouö observations)»    Accordingly, a sorion 

of light, decay curven wofo run on en oyamjratod oolorritts pl&to (llr^U.y-A)1* 

in order to ooo whether tmoccpßive curvoa> showed differences in ahase». 

Ehe procedure wao to charge tho plate with a given potential on tho eharg^ 

ing wire, anil then tö ob-oorve- tho paton.ti.ai ao a function, Of timo.    5!his 

wao repeated four tlraoa with charging wiro positive»    A oimilar Gorlao of 

four decay ovonto wore obaervod with charging wire negative.   Hnaliy, a, 

uorlöä öf eight decays vore oboerved in wkleh, tho Initial chargo was m$do 

with wiro alternating ppaitiv^ and nogntlve.   0)ho rpeulto of thooo throe 

Dorlofl of toot« aro shown In P3;gura0 12, 13, and iüf»    She scatter of tho 

*   .Xerographic plate ll-^-U^-A wao prepared by vacuum evaporation of 
selenium onto ah aluminum plato- und'or%ora^r vaouum evaporation po^di- 
tionö.    She oloctribal (phptOconduatlva)'proportion of the plato who»    . 
hogatiyoly charged may bo oiaosod ao avoragoo   Hewoyor, when charged 
positively', the initial chargo ie above average, the light decay rate 
faster: than aVeragö, and .tho final potential negligible. iJiSsaiOtCfiD 

BlATTBUtlS; MEMOHIÄL  INSfIT.UTK 

I: 
t"'a^!r*wiw*- 

.HI, ' 



77- 
R£ STRICT ED 

400 

,?„ . 

"%:• 

4 6 
TIME-MINUTES 

*wf 

mm* is.,  your DECAY CURVES FOR PLATE 
NO, !l-7-4?Ä^ 4ÖÖ0V(+) CHARGE 
POTENTIAL        s.   ."      : 

RtSTRJOTED.   . 

ma&rv^^ ****H***W^^ ; . .- _ j,-»—»•, «««^»(•fr^^g-l.^JQj'iP 



78- 
RESTftlCTED 

300 

% 

TliME - MINUTES 

f\mm is. LIGHT mom CURVES FOR PLATE 
M II-7-47A, 4ÖÖÖV(~) CHARGE 
POTENTIAL 

rw 
0*10049 

RESTRICTED       '-$ 
-' -        • . $*i 

T^Tiff-* *Mf^^Wf*,^1W!'p''^^^r"Mr''*JlA*,,^''*'* 
• mm awaMMM—o—•——IQwaHMaM—IMIIIIOiBM—M 

~3 



-79- RESTWQTED 

500r 

'% 

'W 

400 

r 

200 

0 
.St 

A 
(+) H    1+) H 

3r<j 4fti 

X     POSITIVE 4WÄR0E 
&    NEGATIVE  CHARGE 

TIME-MINUTES 

FIGURE  14.    LIGHT  DECAY GUftVES FOR RATE NO, it-^-47A, 
4ÖÖÖ-N* 'tlHAftW 'PQtENtflAU 

Or;rO;0.5Q 

RESTRICTED 



t&^_ fc. i^il.k—•mit*^—f**»fci ^••••'^•ii^irwhii-wtfiiiHttii b»JMtfJMh^wwi»^Mi iwt^wiweaiiwjf • W«M m^yrm .^. %•-*>•-*• U. 

«1 

•1 

«•IHHB^iau   .!••••] II 

•CO- RE3TRICE2) 

experimental points In thoou cur von ore roufhly tho arano in tho thro »a 

tor.te.   Aa an ontinete, it may ho concluded that tho data reproduced hero 

to ahout i|? per coat or better.    Tho tiwo for half decay shows no mo ro than 

that namo variability*    Fa trend with 'successive, ohergingo io horo 

racognlaod. 

Nature of '.Dark Doory 

An will ho notod latoxv, tho primary moehaniam for dark decay io 

postulated to be ono of thermal activation of a typo approaching an 

, exponential   rato with tirao.    Io toot this, Plato H-7-U7-A was charged and 

allowod to decry in tho dark for ?3 minuteo«   'fho curvoo are shown in 

figure 15...    Both positive and negative docay curvoo appoar to ho ap^reachlnf 

an -exponential time variationr as shown by a straight lino in thq nornl-log 

plot of tho figure.    Q?hio indicatoo a thermal origin of tho dark decay 

carrant, If thö olopa of tho curve varies linearly with tho reciprocal,of 

' tho abooiXuto temporale of tho plat©»    If tho dark decay i„s not of thermal 

: origin, an exponential typo of decay would still ho anticipated.    Ih such 

caoe,  the origin of tho dark^ecoy charge carrier0 would ho an important 

: thffig tö anveotigato.. .-",'•       : 

Aftorofgoftt.fi    in tho 3lQctrot)hotof;ratthic Sonsitivity 
of Salonium -Coa-tiri/go- 

Aa a part of tho information required for moot, offootivo utilis'.a- . 

tioh of olooirophotoDonoitivo coatings, it io important to; know whether 

offocto resulting from oxposu.ro to light ooajpo imrjodiatol y when tho light 

; la romovod or whether tho wo coos eointlnuos.    Such an offoct might ho mado 

ovidont by studying tha: dark~doaay rnto immediately oftor tho romoval of 

• illumination. 3UD3SBLQSSD 
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To explore thin, an ovnrornted Go pinto C*15-U7-D-1*'wao charged^, 

allowed to decoy- In the dark for a while, illuminated for a few minutes 

and then aliowad to dccny further in tho dark.    Itocultn. wore then compared 

with dark and lUght decoy curves, produced under steady conditions.    Hooulito.- ^ 

&ro öhowft in Hgu« i6, 17, and l£.    Seats wore conducted using "both 

pofiitlve and nag* f i'.vo chrrging. 

A poruauü of IFigurep 17 and IS Indicates that tho dork dooay 

evuPVoa wi'th poaHivo plate charge have tho slepo increaood in tho rainuto 

aftor illumination cio compared ho tho dark doc^y curve of Plguro l6.    fflho 

increase in slopo io botwoon 30 per cent and 50 por cent during tho first 

miwx'to af tor illumination.    On tho other hand, tharo is no consistent 

ohoAgo in slope ©"boorvod duo to illumination of tho negatively charged 

plato.    ffiho slope of tho appropriate dark docoy ourvo of IPiguro 1:6 Is 

dotted in on tho purvoo of yiguroo 17 and IS for ponparison* 

As will bo dlfceutjoed in a later section below, these results.aro 

not xsconaictatst ^nrthvthö theory. ,     =   . 

&ffoct of Al-qehol onttto Bl;optrophoto^ranhio Sensitivity 
'-"-'"" "of'"Sva^o^tpd^Soloniuin ffilmo 

,ySho statement appears in tho literature that cooking in alcohol 

will tend to oauoo vitroous oolonium to chango to the rod; monoelinic 

variety**.    Accordingly, ovaporatod Polonium plate? ltH31"A,+7~A WOö töstjöd 

at» to light and dark decay for positive and negative charge "both defers 

*     'Xorogrophic plato S-15-^7"*1>-1 waa producod by evaporating two succuaaivo 
coatings of oeleniun onto tho same aluminum baso plate*   Air was aliowod J 
to ontor the "poll jaa? betweon the deposition of tho first and second 
coatings.   Both "poaitivii" light decay ratos aro a littlo above avorago. 
Other proportion of this plate can ho considorod as avorago.» 

**   ftrana.. Eloot.  Ohon.,  Sttp.  7% 11. (iQUl). MS5Ä2|ID 
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and after floating for 36 hourn in ethyl nicohol tn a cloned drav/ur* 

tflguree 19 and SO ohov tho rcoulto.    It will ho soon that tho positive 

decoy cwvon are not changed oignifiq&nily by tho Book»    On tho other hand, 

tho negative döcny curvoa otart from 0. lwor J;n4tial ootontial*    $ho light 

decoy eurvo ie a-toopar, tho half decay time being roducod frott 1,35 *° 

' 0*65 mlnutoo     SSirthciserO,  tho exponential portion of tho curve is longor^ = 

and tho "i'ooidual" potential io lowoff öfter ooaklng. 

Ihe effects are apparently not du« to cloaning tho surface alone 

Tjocauoe of tho different effects on tho different curves* = A portion of 

i"ho effects «light have r^.oultod from exposure of tho plate to light juot 

byfore tho toot following the alcohol soak*    An attortpt to duplicate thoao 

roeulto en tvra o1?hor plrton vm uaouoovooful-« 

gffo&t of Different Backing Materials, 

Ihero io sorao roanon to fool that lower residual potent&aLo a*o 

doslrahio in olooNtrophOtjographic platoo.    t\ was surmised that ouch 

potential0 might: "be duo to a 'barrier at the oelonium**baoking i)lato inior^ 

facOt   Accordingly, a oofc of four plates (stainless »tool, niolcql, qold . „ 

rolled steel, and copper) were mounted on tho own© cooling platonj and a 

selenium layer wan ovaMs*!&lsud on tho four simultaneously.    She decay curves 

©£ th<* plaftos ate shown in figurea 21, RS, C?3, and A 

She results of this toot v/oro Quito unosrjoctM«    Tho stainless 

otool plato ',ift what, io called a "good positive plate," .«loaning one with 

positive light and dark docoy curveo widoly ooparatod.    5?ho other platoo    . 

chow inferior ^oportlos ao positive- and cuporior properties ao negative 
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W  400OVH LIGHT 

AFTER   ALCOHOL SOAK 

TIME - MINUTES- 

FIGURE 22.   PLATE NO. S0-29~48AlSt (NICKEL BACKING PLATE) 

0 -10058 

RESTRICTED 
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Z 

—U —mr~ 

X   4:O0OV(+) DARK 
JL 4;Q00'V (+)  LIGHT 
M 4000 VM   DARK     __ 
1ST 40.00 V (-)- LlßlHT 

——AFTER ALCOHOL SOAK 

% 

3 4 
TIME-MINUTES 

I FIGURE   23.   PLATS  NO. IQ-29-48AI  (STEIL BACKING PLATE) 

\-<f •j^w^BäjUMawi1 "ll'11» 

0-10059 
RESTRICTED 
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f¥* 

•«»y«sj*»*t"1*"'<" 

0 I 2 3     " 
TIME - MINUTES 

FIGURE-24. PLATE NO. [0-29-48 AXE (COPPER BACKING PLATE.) 
RESTRICTED 0-l006iO 
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plntos in, tho ordor, ßtalnlcßn jstcol, nictal, otool, and copper.    Thlo 

order-, incidentally, io aloe tho ordrr of ducroaslng thermal conductivity 

of tho four materialo» - . « 

SDlxo- original purpose of the ox^orlmont hero vao to ooo if thoro io 

a harrier to charge flow at tho oolonlunHbacldLng plate Intorfaco.    2Ma> 

polst, -au&fc apparently ho teswd hy use of tho oarao baching, material, hut 

with a tM-ii layer of different mstala, in ordor that tho hulk proportion 

of the platoo= may not jnäpk the of foot of initial interest. 

An X-ray examination of tho four filafco.8 deöörlböd £*ovoaled only 

the Linoa of the base material ond a "background indicating amorphous 

polonium,    lioamirömcnt of tho rooietlvity of tho ffolonium layer on tho 

plateo showed fodlotanooo of 2,0 x IO1.*   and k,l x IO*1 ohjmo./om.2   for 

peoitlvö afiävnogativü u-^po? olcotreclep, roapoctlvcly.   Ehoro waö no 

porcoptiblo difference from plato to plate» 

K&DS 3Y-OTH3R liSZDKDlJG SllM SVATQMSiOH 

Methods Ugod in Applying JTilma 

* 

A 

In ordor to hevo oultabie mothodp available for carrying out tho 

largo variety of o^aral-nationa to bo made, GO well oo in tho = intero£tt of 

finding now vayo of prop&rlng solonium. fllraq, a number of vsyoof applying 

filme, woro surveyed.    OJablo 9 ohowo tho roaulto of thia survey.    It kill 
* - 

ho opooifioally notod that? 

1.    Spraying molten pelenium provider» a rapid moano of studying 

offocts of controlled impurftty additiono to oelonlura. 

DATTCLl,E   MEMONIAL.  INSTITUTS 
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!2AJftS a*     RESULTS OP HITT'RTJOATlHG VARIOUS KWWfflS OP AFFOTIfc 
SELElOT PHOTOACTIVE FITJ5S 

RESTRICTS) 

''' Hcture 
of 

Method 

•HHTIHMTE 

Eertineut Pact» C^no^mlng 
film fosm&tlon 

»fflyir^ 

ElGatroF»t«?r and Qbh&T Tf>gta 
for Photoaetlvi ty 

Oommonta on Uaefulnecö 
lüjftßß as a, Method of 
Teats M&nufaoturo 

Mölt@n= eeleniüa 
spraying 

R^qutröB controlled tef9£eretu?e of molten §o, 
bane plote» «nd prootsuriged gas; critical 
control of "bauö •nletö tönporatupo, com- 
paratively %h.%ok film inclined to wavy, fllaapy 
aurf HOB, cna Ine done with and without queseh^ 
lng| requireB & 
metallising gun, 

sodif led,, low^siäper-Mure 

Platan pressing 
^stiok-coat or 
powder-oofcted 
^plates^ 

"Spinnlug: method 

3*ae plate oold for powder methodj base plato 
temper&iurö greater than selenium M.& for 
stiek coated; rub otick or spread powdorod, 
vitreousSe onbieeS surface yields glaosy 
layer *»• * tiefe oftwoi eurf&oe and film thick- 
nosa are Cunotitfha of iempay^turQ of psa&ö» 
pressure, =&'M typo-of platen surface; 
adherönoe gqöd* 

Rotating, beated bast plftte;, d^pöp molten 
* aelenxisf :§n Mi%{ ^ppffeoff'äiaTjri  surface 
naturev aad fWs =th%kse«s functions, of 

'speed, of rotation, tenpsrsft^fiB of base, 
and flaming of sUrfam 

pipping' 

Pigaented selenium 
paint spraying 

Very talok fils*«!. *& control over uniformity 
and thd'oknaesj because1 of poor -wetting of 
ba,ai» adherence poor» 

Common =paint spray methods uaedj. acceptable 
öontrol of file thickness And uniformity 
controlled by pro ®8W©» modifying paint 
viscoaity by hig&ly Volatile solvent,, and 
•peed of spray sweep; surface nature flat-- 
aot,,jgi,öiiBy* 

^ äJrawi^.dowar  -     ^,   film thickness fsanetion of flatseas of baooji 
Jl    .8elanfua'iipigmunted *' "•surf=^sr charaof«!' -fxinbtipn-of most of the 

"••; °". *%© factor* tistad abore for Bprpylng. 

Pilma show decay rates cewnprable 
to- those for evaporated platee if 
selenium ^urity is oontroilo'd, 

Tak^s no charge; rooiötnnco aoröae 
layer leea than 109 otofli 
iadioateö crystal Unity* 

Piing> photoeottve. 
information. 

Ho detailed 

films ahow decay ratoe somewhat 
lower than evaporated fllmsi ^r 

yariatlöBB in aelenium purity, 
selenium piKoent-'biidor ratio, 
perhaps particle oise and type 
of binder -cause .o'fcfti^fl 4n; li#t 

•&@<QG$ rat®» 

Same äa for aprayed paint.» 

=sssas»pa»£sssapBE(CSÄrss5 sazxzsxsssz aasBasesssaag SüSS 

r%"a    , l    • •« »  •     ?' <•  -.'',' Sf»,,,^ ••''«vT»«» \' •"""-IK,' 
i?^K!?sis^ffl»p»pa^«s?wa«i%' ü^--'ji«»3tS8fS: 

;'vf?;; -iu 

Oood imaf.eo, 
tiftp of 
Q2CP08UPO, 
baskground, 
and other,' 
condit'ona 
^ery flirttlar 
to ishoa© for 
•V"rt*JJV*-K» VOM— 

plate. 

Good for »tudies of £s*5ttrity 
of foot8} must be furthör 
de?<»lOT3ed to determitts oxtont 
of uaefulnosa* 

Appoart promising If oryatellinitji! 
oaa be eliMiiated; plate »,ize önlyc 
llöltod by siee of proaa? howover 
rö^uip*« exoellent prune and baae 
toi*rancöSii 

Only uaeful fop »mall plates] 
wfc iroo promising. 

-^ ffot prOm*«ing« »iaeosity of 
aeleniust too high. 

Ö0©t- 0&ntimw   ?<5xy proadiiag; flat®" k uii« Almost 
(»et <o good unlimited? uaeful for any plate 
as eipapoyated   göoaetry; has flexibility, provides 
plate   for 1- mean» of  ahielding selenium from 
mil. film ataospherei oea bo Uoed for study- 
thiokneBo) inef impurities in solenlum. 
fei^-uulform- 
baok^ound. 

Some aa for      Limited, slss, frei.tr lot ions On baae** 
sprayed pa^1» plat« öurrätüre. 

<»'?f-','lVT'.";"Wy-'iMRT 

RSSfRlOfSB 

vv!Tcj3^^ira5^aji^^^ . " (T - . °i'>  ft -    *> ;> 

i&my 
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3»    Plafcon proscing atr done in tho aelenltim rectifier Industry 

fnilo becauoo under conditlono for which a ftoloniusj film can "bo produced, 

tho filra rpsistanco i-o too lovKlQ? ohrao)»    Sho presence of considerable 

gray hexagonal no-Ionium in ouch layers lo noteworthy«,    Thia mothod3 however, 

appoaro promising for ooveral surposoo if cryotcllizr.tion to grey hexagonal 

eryütais can be miniiaiaod. . " 

3* «prpylofi polonium, ^igmentcd ocinto a ^orently hao conoldorablo 

proraioo aa a production r&othod if tiio high background comnson to tho printo 

obtained from euch platen can bo oliminatod. -• 

Evaporated plateo arc cenoidorod in another ooction of thio report» 

ffho Holo of Hofiiiociont and grofttmont of 3olonium 

Golonium purity and tho naturo of ito otrueturo ao it iö received 

. from tho ouppiior io known to be important in obtaining, aonaiotont rosttltö 

in tho rectifier and photocell in&vuitry..   When uoing either tho selenium 

paint or molten oproying raothods, in contract to ovÄ"oratiön, for forming 

olpctrophotoeraphic oolonium filmo, tho quality of tho fcoionium £g 

reeeivod becomes an important fpctor for eonsidoration.    In tho JLntoroot 

of dotcrsinitig (a) whether any or all tho commercial grades of selenium 

could ho used for electrophotographic purposes whön U3ing thoso methods, 

and (b) what rolo tho mothods of preparing, the aoloniura and applying films 

of these types of selenium playodu tapta on tho various typos of selenium 

were m^do.    !T$blo 10 shows tho ccmrcllod results of those teste.    ?t will ho 

particularly nqtod that; ,      " 

1.   ÄR^ polonium 1« apparently cönoistonily satisfactory from 

batch to batcfc* ^SERlOgBü 

ÖÄTTEI.UE  MEMORIAL  INSTITUTE 
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aiÄnua io*   sLEoTiorHOTOORAi mo AitD m:rm PROPERTIES CiF VARIOUS 
florssaoBtt AitJ iRFjwfT) CO::.3OIAX SELBFIUM 

ÜJroc.tenent tlethod of -     - ^ 

• oaf   ~    . Apniying: Sloetronhotö -= 
- »0. Lot of De      ..Oe 80' Wil£ activity Comments 

1 AR3, - no        lleltod, So Mgmented Satisfactory Image wao foraod. 
inoculation, ohottod, parlon-rosy! 3e come from . 

, . melted in      and mint film 3-L-Oo. Bo 
stich fern,    ground. aging of ~>aint. 

2 COSl ^ Rof. So IYo Ditto Unsatisfac- Obtained from 
(A) powder       tfoat- tory.    lTo source within 
form."               ment. charge. B.H.i, 

3 OCR - Kef. So Melted, 
'- t-A) powdor       ohottod 

form. .             and 
ground.. 

11 

- 
Satlnfactory Image formed.,   lib 

sludge formation 
during shotting. 

H OCR- - Rof. C'O Holt.od, it Unfiatiofaö?" Holten So (2g0°q.. 
(SA) powdor     shotted. tory. roadily shotted) 
iorm.. 

;;• .5 •_ Ditto        . Ditto Hot molten ii Gummy maos apwaax5- 
od 850*0. j this So !- 

' 

opr&yed 

"   = _ 

persisted end 
grew moss pro-          ;; 
nöunood, also 
viscosity in- 
croaBQd VTO to 

= 300*0*j viscosity 
doorpaood up to 
U0Q-°O. whers.it 

S 
• 

could bo shotted. 
Ehio shot was 
brittle and 
porous. 

s OCR - Rof. 8b Molted •V. - Saune ao (EA), but 
(lA) powdor -, . -     - •ipxmy mass 

'- form. appeared at 2p°Q. 

. 

and remained to- 
570*0.;. not able 
to ohot at high- 
er tramperaturo, 
but could undor- 
pouss,., 

RBSTRIOIED. 
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flAMSJ 10,    tJonfcinund 

•BiBsaaic^ 

" 11» 111" ljH)~ 

llo.    I)Ot of So 

Wrontment 
of 
Go 

ilethod of 
Applying     UXoctrcnhotO' 
So Ell» rotlvtty Oommentö 

qtlWI •     Hilljl" 

7- COR v Kof. 
So (S3) 

Ö   ÖOR - Ref. 
3o (13) 

9   ÖdS-ARQ, So 

10     - Ditto 

11- 

14   OGR-DDQ, f5© 
",   Ho.1 5-tJl 

13   OOR-DDQ So- 
l!o.  5-51 

1^ Ditto 

15   OSS-ASCJ, ,Se 
H«..56-ll-g 

Haltod 

liOlted,. 
shotted* 

fieltod, 
chottodt, 

Fono 

l^mo 

Hot mo 1 ton. 
Se 
«swayed 

So^pigment-* 
od parlon- 
re«yl paint 
film 

Molted, 
nhottod. 

Bono 

ßamo ae (lA), 

Motto» So (880*0.) 
no jtjttmny siaoo up 
to 3SÖÖG*, Ehlo 
So waa oaoily 

.__.-'. güättad •? could 
"bo oomuarod to 
Lot A. 

* =" 3?TQ- oludgo forraa-: 
Ho» during Heat- 
ing! So for pour*- 
in®, 

Gatiofacfcery     Imageo obtained. 

laagö.3 ofe%«.inqd. 
1'fodo 1 gallon of 
thlo paint for 
variouo ox^erl-* 
montc.   : 

No nludgo forma- 
tion during heat- 
ing. Se for pour- 
ing. '•- 

Hot molton 

oprayoii 

Satisfactory 

So pigmcn tad   3?air 
parlon- 
rosiyl paint 
film 

Ijnogoo ootainod. 
Ho baojcgrpund. - 

£öö> image 3.    Hi$t 
"baofcgrounda 

ll'ono Ditto Satisfactory 

RBSTRXdSID 
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2.    Fro^oneo of fx&j hexagonal oolonium in C* ü. E. refined 

e«Ä©iHtWiJ iö prQlmhiy one cauno for Ita failure nlnco romcltinß and shotting, 

the pev?dor aoraotimoo in. oufficiont to wko thio selenium öatiofnetory. 

HOWOYOS,  thormal cycling xndioaton. that certain itf-uriti&o ift the coloniura 

aro perhaps mor-o often the cauoo for failure.   lahlo 11 ohovro a opoetro-? 

ocopic analysis of a hatch Of rofinod no-Ionium which was not oatiofactory» 

Thermal eyölinß tcoto on oeveral hatches of thO rofinod selenium indicate 

through their different trends of vioeooity that the undesirable Impurity . 

content vprioo Ifrom ono hatch to another,. 

3«    XJ. D. Q. ttolonittm may ho oatiofrictory.    SHirthor testa muot ho 

conducted to ho certain, howover.  . 

gffoctcj of Controlled Impurity Additions, in AH& .Selenium. 

Uoing Allfy ooXoniuw, undör 'the asssänfptian. tlyat it ha. ropröducioly 

tho same (as ahown in tho ahoyo toots) and quite mira, and omjiloy laß tho . 

molten oölonium opraying method of applying films, (ooo appendix for 

dioouooion) tho effects on elöqtro^Jicitographie action of controlled amOunta 

of impufritico wore ntucliad,    tfahio Ig erhowo tho roöulto of those otudioö« 

£ho manner in tyhioh the röeordod data In thlo tahle vfore obtained io 

dieeuoeod in tho Appendix under" "tiothedä »f Soa-ting.".    Owing tö tho nön** 

uniformity - of f ilft thickness among tho platco of this BSri£E,. ts&aulting 

from inadequate equipment for cOntro3Uod opraying, and oomo variations in 

the- oprayahility of the contaminated aeloniumq;, comment« on thooo re suite 

must ho limited at tho momont»    Howövor* tho following trorido are to "bo. 

noted* 

..BATTItLlUe  MEMORIAL   INSTITUTE. 
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a'^Ki u.   aKCffiioaaAS&Q &AX.Y3X& OF aim warn OF 
- RanicD ssojiis: (tfca)    - 

Batch of 3o^onina 
iiapuriiiöa »nd Sotlme.tod Jarcanfcacoa 

ss j£     1IU«m    #• 'dr««t7Ui   tv 'reseat- la Mio Soloniüm 

im Soicmiuifi, 

moltod and oliottod 

3*0 
.00-.5 

1.1. 

<.01 

On 

<* .0,05 

Ca 
<*03 

Wff 
«.03 

Pb ' 
<.M 

& 
< .0051 

31 
..01*-. 1' 

Cu 
.oi-,05 

Ha 
<.oo3 

1       -       -       ^ ,--- " 

......I,,..»..••. 

- 

r     , » - .-.- 
- •- - ^ r 

. . 
= . 

. 

= 
-• 

•     ~     ^ 

r 

-- 

.r 

1 

" 
BäßEaioa?gD> 

DATTElilue  MEMORIAL.  INSTITUT! 



•99- BBsasBtotett» 

•EAKL.E 12.    S3*FEQIS OF ÜCOTIOLESD ADDITIONS OF VARIOUS SKt.BJTlES W ARQ SEfefcTlIM- Oil PI*OSOAOTXV*TT 
Aim tim$ FORMAT! IT OP 3100? ttQltf&T STRATO mWWH ttLMS 

•Pbatfrlva ffolsrlty 
,^Blei^rojtto.tori ffö.iyt 

-.,„, Hoj^SjasiMgrJiaL. 

••y^BWw>ji«ir'ij^i ffnMiiiniUmfiMjMrtP 

Total Ohargo,     IdÄt Bocoy,     Dry:'- Doicoy,     $oii$ ühnrßo,     X*-irfrfe Sö«f*y.t    Baric ßöeoy, 
töiti? jtyo'in, ^/raixw Yolte if mim $/pi£n. 

ir-irnriii^l'l ii 11 irnilairn«—rrn-iiTTi'n-riir»-iiTrr"TiiirTrfflliirlBMM»MMBM^!••«•• ••••• IMMMH H  ••«• i n" i:-   -'-        -•• -~   i       ~:  '    '—•>...       '....   -       '-"      .... •   ••    --.._-- 

Jhtififfi, Fomnftion 

u 
t o 

«»I 

•*» 

$vp» pi&ie 

^pxuxyed 

Sprayed 

+ '35s. 

1 

5 

1 

ASQ;.+ 2# = "V. 

ARO, 4 l£ 13$       -j" 

jß«l+-l# 3 

-wo 

160-510 

105-60Ö 
361, 

140*30$ 
U5 

55Q°$7Ö 
'61$ 

ö-3f 

gio 

0-23 

306 50 9S 

1Ö§*22Q 
I77 

31^Si 190^550 
352 

2% 30 
190-590 

222 
65-160 
120 

i3a-3ßo. 
221 

58-109 
U7 

1^31 
S3 

U5§-723 
571 

7* 
ieoH6U 

1*9 

122 

Hoo 

"70-176 

i'fg-35T 
?»io 

§33=379 
337 

06 

0-39 
- $rRCiH(tel ly no ahftrg» o/biorved. 

21-50' 
33 

lU~UU 
28 

27^99 
Uli 

200- 
595 

1^ 

97~I$> 
ia 

Little or no ohargo öl)tjerved. 

7Ö~oß 
g2 

lÖOMJJQ 
125 

35038» 
3ß9 

*2$.;6 

37-60 
% 

32 

95 

lU-29 
23, 

37 
13"20 

23 

93 

3äao of     Xdßht        «JjiaHty 
Etfioöuro   Intensity   of IroeigQ     background 

l/l* 000« 

1/8 ööo. 

l/H aöö» 

l/H aoo. 

1 om* 

90 voitc v#ry ßOOÄ 

70 yöltö Ditto 

90 volts « 

90 voll«» •"  " 

90 volt« 7ftlnt 

«««•   .90 väMs     ?9or 

Hone 

«iffcflö 0? no chapge p^uoirvÄdi 
?f$fta 

Bovf 

it 

ratt^i 

iäacggaacsagteesasgtofesife aasa; aasass 

lOJJJr   i.;   JDheao pl^a» ^»^e wläö;'thüroknova v«a?:iflitiont öVOJ? ;ühei? ous*foo«Ja (O.00ä - Q.O22 inchog)*    Shis iaisy ftQc&unt for tho wldo rtog© of v«sluos among 
th^ «ot^let of ©ach group*»   5fha Esaxlipai^ und siinknaa vplüoo ctra ehovfn a^övo the worägo vftluo«. 

2/ mp4& 4$$* «wifptf ono- plato only. 
'f*   hÖQO^olt pofon|i# Ufod Irf öXootromöto^ io»t. 

7QÖÖ-?«)lt p*»lf ive»po'tent|cttl uögd [t®."" ?: 

^r'Sfi-"«Ir"'»C*7''"?'?f ~**4 o^^{arrg^sgtf»is<.p^*^ *««3^v^S;««"^7i!j^^r??g~r2£22 
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1.    Oonoideroble variation lit the charge accepted lay tho plato 

occurs as. a result of impurity additions     ITots tbatSollurlwrn dof InltcXy 

increases the level pi" charge accepted while Ootg, MQlji end OdOlg, deoreaa? 

It to aoro,   Because of tho differences in Bl and Biölj, and Öd and Odölg   ; 

; action in this tegard, it appearfl that halogens ore detrimental to rotain-* 

1 ing the required insulating properties of the film. 

g.    In general, ,the dark decay Incroatjes when the light decay 

increaees as a result Of impurity additions.    See for example the Li case* 

% fhor© appears to he a correlation betv/eön light decay rates 

and image formation» Shis can he aeon hy corapw^S &he id,. To, and Cu£> 

addition oas&s» = 

%   Because of the large difference as thiokhooö 'between the 

' «'mporstsd s.elsnlunv control plate and the observed f iuetuations among the 

; several plates of separate groups, which also variod in thicfoosp, ono can 

; only make comparisons to evaporated films in a rather superficial manner 

since film lihlekheös appears, te ho an important variable« 
; $. ° Q»elitat.i*älr it to Observed* speod and quality of image . 

formation from evaporated;,, selenium sprayed DD^y J&A, and Id contaminated 

; selenium are co^&a^cMiö* 

6«    She difference "between the amount of charge accepted and the 

light decay rates with posiifcive sand negative polarity io quite variable» 

In partioulari it will fye noted in the öd case that as much as a factor of. 

three difference in positive and negative light doq&y ratea with very little 

; etocomconying difforanoOi in peslLtiye and negative dark decay rates 
; , ...'''.--••• -    '        BBSgRlQiaD 

DÄtT^LfS  MEMORIAL INSTITUT? 
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Ifl observed.   In no cftoo wao tho nooitivo light decoy larger than tho 

negative although with tellurium and OuS tho two v/oro approximately equal. 

In gonqrol,. a dependency of electrophotographic naturo of platea 

on typo of impurity content io to ho oxnoqtod according to thooo reaults. 

Sffoot.B,. of Jindcg iiatorlafl. 

Using,ÄHQ aeloniun sind the oelonium wignontod paint mothod, a 

' otudy wao made to acquire information on tho effect of typo of binder 

material on paint film appearance, photoactivity, imago formation, and 

X-x!oy structure    Sable 13 shov/a tho roculto of this otudy to dato«   Eooaueo 

öf tho bettor control of film thiclaicss with tho paint than in tho. hot So 

öpröying wpthod, thooo data oän be dioousood with greater freedom than 

fa&Bö in the p»ovioue float-tan* 
=   JßhQ following typee of trends can ho. tseon in the table 5 

1*   ;5ho typo of hinder or jjolvont does net otrengly control tho 

, olobtföphotographic provjprtioo of tho film.    However, tho imago formation 

apparohtly varloo with hinder type.    Owing to tho lack of information oh 

offocto of powdor dovolopor in tho prooonee ef difforont. hinders thia 

dlfforphpp pannpt bo attributed to tho change in photoeengltiva, propörtioo 

of the incorporated öeloniura ainco 4t might bo accounted for hy the powdor 

developer./ •- * 

2*    Tho hinder or solvent does cehtrol tho oiruoturo of tho. 

oolonlum.,. Apparently oomo hinders can promote tho formation of alpha 

monoolintq polonium» > 

3.    tfliw hindor pr aol^pnt dooo affect the coler of the film. 

•'y- 
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k*   Binders,which roquiro high-tenporaturo heat treatment to not tho 

paint, fail ibocause of formation of gray hoxagonal oolonium. 

In general, it appoaro parlon-Itozyl and silicons (air dry) aro tho 

host bindo'ra ueod to dato. 

She outstanding roouit of thoeo otudioo In rogprd to gaining an 

"understanding of film otructuro io tho . info mat ion that ooloniura. may ho 

oboorvably oryotailing (alpha mo&oclinio.) and -otill ho photöeonoitivo in 

tho oonoo of electrophotographic noodo. 

Sffootp of Poot Hotit „EroatMonto of^Elo^trpphotoaranhlo Filmn 

Owing t« indications t-h&t (l) binder or öolvont cauooachnngeo in 

solonix'iffl Dtructuro, and Us) heat troatmont to pot a,paint io detrimental 

if grey hexagonal oolonium io formed And because of tho known dopondonce 

of aelcn'ium fltrucitura oh ito treatment* P°s* boat troatmonto wore? made on : 

varieuo typo 3 of oolonium paint filmo»    information on tho of foe to on 

appearance, photöaötivity,  image formation, and X-ray otructuro woro oought. 

:£ablo lU ehowp tfco-' r&oulte of heat treating for g minuteo at gg©°0., 

followod by water quenching. 

Tho following trendo.oro to W noted in. thio table; 

I_»    Selenium filme., ssthibiting gröy hexagonal ßoloniuraj. jyaorphouo, 

and "flÜ" oryötallino ö-t^uet^öö and variouo eoloro "before hoat troatmont, 

all i$rnod a rod hrown color and ohowod an unknown structure denoted an ifY" 

cryotallino after hpat treatment.   Beoeuoe ©f tho diotinction between thio 

and tho "X" or alpha mono clinic a true tur a», tho Independence of ito ogoujeronoe 

on the atartihg otructuro! and itojr.ot "being obaorvod without a hinder 
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oncomwaocing tho selenium, it appears sono interaction of the binder and 

sclohium produces it» 

g,    »vu crystalline structure films are photoactive end will givo 

images. 

3.    d?hp typo of 'binder is also important in another way in 

determining tho offeat of heat treatment, as indicated Toy tho marked 

differoncö in results for tho. oilicono 210J cabp.   A^parontly tho selenium 

preferred to coagulafco put of its dispersed state indicating somo bonding 

exists eotwQcn selenium and binder in ether paint films. 

i:t ap-ioörs that pest heat treatment 0 of paint f ilmo gheiild Tap. 

-eöftoidof'od aö a moans of making peer f ilmo into good önoö. 

3?hoso results hasfe givea fus.fchor insight into film structures, 

which have oloeiro^hotogra^hic woprtios., through discovering a now 

.eryetällinQ iife»ae*5irs; which- |e photoactive. 

Bf fe c t« of:. Vrri ous - Surface groatment 0 
of Eloetrlöwhet'ogratfhic-lJLEiP: 

In tho course of the work on oloctrovihotpgraphy,, It .has hoen 

observed that surfaeo roughness controls impge background to some extent. 

Owing to the high background in prints from moot paint filme end the rather 

flat, not glossy, surfaco nature of those films, it appoarod that öno could 

not conclude 'background was cauood by the binder until effects of varying 

surface, properties v,'oro investigated,,   Aloo indications ef mottled back-^ 

ground in tho prints from hot sprayod selenium films and tho complimentary 

pllBOi'V-atlen of somewhat wavy surfnee.« wor.o bpliayod to ho related..    In 

addition,, since tho formation of an electrostatic imago and the resultant 

: .     " • -    HBiggRlÖffiHD • 
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transfer ot it by powder must "bo. ft function of surfs©« proportion of the 

filn, it appeared that ourfaco traptnonis of various typos wicht rovoal 

now information. 

(Ehoroforo,, various typos of surface treatnonts of oloatronhotographir 

f. ilfts havo boon made»    Sable 15 shows tho rosul.ts of poliohing,  coatingi 

and chonical «ttjiokc on tho surface. 

In particular tfc is Jto.bo notodi 

1»    Foliohinß will oli-'inato tho spots in tho background on prints 

made frön hot nöltön aprayod oolonlum films«. c .-   - 

•g.   Polishing has no effect en tho background in prints from paint 

Tilno5, thus indicating tho "bindor and hot tho ourfaco roughnooo is 

responsible for thio background» 

J*    i&cajxor films on woonod oolonlum platen having vmouliablci 

proportios are not offoctlvc in inducing photoactlvity although thoy servo 

as a raeam? of holding a charge on tho surface*   Also locquor filmo will 

Smooth a rough öurfaco of a Usable plate BO an t'.iago. can bo ootainod. 

K   Eoetif lor. harrier layer chemical troatraonto on unsuitable proooer 

plates do not ehesgs 4ho yooponöo of tho plato in an obnorvablo way« 

Slim gfaiuoturo Vorouo Photcaptivity 

Bocauoo of tho nature öf the structural data obtained on tho plätoa 

produced1 in tho above ourvoy and tho basic role an understanding of f ilm 

ßtrueturo plays* in dovolopmont öf electrophotography, further studios, of 

oolonivan olbruo^iro woro mado*    Soblo 10 records all now and previous data 

on s^oniuC structure and poir relationships to photoactivity or imago 

formation» ' 
RESQMOESJ 
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iiüäfütif 

'$ype* of 
'Alia $r- 

, Föwder 

Photoaotivity 
•""-"• os* 

°Ploy 3fc*«* Stru&ture     _=äao/Tp JfogaaMpn 
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In reviewing this table* It will be noted that? 

1*   iUrjy polonium or selehlun-bin&or film with an arwroclabio 

anount of grey hexagonal oeloniua will not 5so ^hotoaotivo for oloöttrophote- 

.graphic purpepeiU- 

S.    Crystalline alpha monocllnlc ©olcnJuni, amorpheuo aeichiua fend 

"Yu typo (may bo an organic eompound of oolonlum) otructuroq cupport 

phcfio&e-tivity« 

3.    Aq a function of method and oxtont of rof iningt of ooloniunj it 

appoore refined aplonlum procosoing io undooirablo owing at leant partially 

to tho preeonco of groy hexagonal oolonlum in tho product, oinoo romplting 

and uhctting of come batchoo will give amorphouo solentum, ; 

U.    In regrrd to tho method of application, it appear a any method 

which in'/elvoe apwociablo tomPoraturop during processing ia undeoirablp 

bosauoo of gray haxagonal Belgium formation. 

5.    ehomicolly precipitated rod oolcnium givoo tho only other 

observed structure different from grey hexagonal oolonlum which le not 

photoaetlvo in tho oenop of electrophotography»    (Ehio toot will "bo 

repeated.,,, oinoo tho failure w&ö duo to not accepting eharge and thin 

soeraa »owowhA« «npoooonaMo in v.iow of the fact that rodselenium should 

bo &n insulator*-)     -       - ' =       .. "•',_" 

..   6»    Some methods: of grinding oolonlum and thö incorporation of 

selenium In a bindor tond to give alpha monocllhic ooloniu».    Evaporation 

and hot spraying methods givo amörpheup qolondurae 

7»    In moot caooa, the occurrence of alpha raonoclihio polonium io 

aoco^iatod with a roddiph film color* : 

EJISIRIGSSD 
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ts.    Sho undesirable cffocto of impurity addition, such as MCX^, 

do not oriee fr$jn j^o&ustloa of p;r-.'y hoxogonal no-Ionium oinoo only 

amorphous selenium can ho found in auch cftooji "by X-ray »othodo,    Ihuo, it 

apponrp that impurltiao,. independent of (structural configuration, have a 

, role in controlling photoactivity* 

QoncluBiono 

tthrough oonaidorations of (l) tho roaultö of tho ahovo correlations 

of mathedo of film production., proiorfcico of tho rofino^ö4 aolonlun, 

offoQto of controlled inwritloc,  tho role of hinder materials, offecto of 

heat traatmonta and nurfac$ troatmentö of oxporimontal filmo afid "*L-ray 

otructuro of oolonlum.l{^:) asbOöievvöä inxornatien on other photoactive 

materialss, and (j) data fj?om rectifier atudloo, with photeactlvity and imago 

f f,tfraatlo& one beging to realize tho f ollowingi. 

1,    Itatorialq: liable ao electrophotographic filme noed not "bo 

oracrphoun, "but can ho crystalline as long ao possessing crystallinlty otill 

gi-ve-e ,them oloctvically. inpulattng nature».    3)h4o folloy?o fron the above 

data and Roving that grey hexagonal uoloniura film are pho^ocönduötlvo 

even though they are net photoactive in tho electrophotographic ocnoo. 

g.   i. similarity "bot^aon the otruoturoo of photoactive organic 

corapoundo- and electrophotographic oelonium/may bo prosont In their 

jocular natures oinco i§ono«llnlc structure« are found, among organic 

compounds and tho "Y" structure: 1B only regmsd by molting oelonlum in 

hinder natcrlalo of eortaift typoßt 

BATTELLE  MEMORIAL  INSTITUTE 
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3»    ihny of tho impurity effae-tn night be explained In terns of 

molecular attnchnontn. 

Ao a roöult of tho no realizations, advrncod work has been dono 

which hop "boon booed on molecular thoory and associated data in tho 

:literature. '. 

i?R3LlHI3AIg TH50KY BSL&TIHO. 3LSggR05HOTOGilAPHro SEJlSITlViBY 
mm iiOLsoPTjai ^pugrimg OP argjgiyg armm 

•flonoldorptionB of. Ohomlcal. Bon&o In BolMn 

All motorinlo owe their phyalcai rsror>ortioo to tho tyno and ßtronßth 

©f "bonding botwocn thvlr. atom or moleculeo.   There arc four recoßhisäd 

typoo of interatomic beadD| namely:    lonle or polar*, hemotsolar- or covejont*, 

mptallio*, andVan dor Wool's ör roaldual*. 

.üyano** hap tabulated tho noshsnlcal, thermalf dtoe-tflsa-1 j optical, 

and mafiaotle, and (structural properties thooo "bonds would produce in o 

material.    ('Sociable L7;.) "   ,/ 

SffplonaMon ofSond .typöDi 
1* 2ho ionic bond io that produced "by electrostatic attraction 

between olootropooltivo aftd electronegative ions; alkali halidoo are 
:oxorApioB 'of materials with euch5 bonda. 

2,    tDho homopolar bond orlpoo. from tho sharing of electrons botvdsn 
atoms»    Ono.ean dtotlnguloh ouch a bond from an.ionio bond in that tho 
number of,homopolar bonds by which a ßlvon atom ia.linked to others ie 
limited.    Diamond io: an example of a material haying onl^ homopolar bonds 

j$,   -A motaixiö bend io on© which can boot be oxpjo sped aö tho 
attraction between an electron gats and positive ions in tho electron gas, 
thai* ip, thio attraction given the coherence of the otruoturo.. 

U.    The Tooldual er "fen dar Waal Hi bend ip similar formally to a 
matollie bond, in ihat it can tie oh ~ indefinite numbor of noighboro 
together*   ¥M1Q it rosombloo a metallic bond in bolng able to bond an 
inaoriTii-vc nuniQPX  os  nöigBooro,   in diffwr» i;; •S'U?   i:iOT/CViJ.4.±c    uunu.   xn   yiu»v 

tjitX 

.thoro or© no electrons, shared, also,  it io very weak and can only tie 
togothtiy moloculoo with no external fioldo.   Hare eacots in tho solid 
Ptato have molooulos bonded by Tan dor Woalfc   forces» 
»Oryotal Ohomiptry," by B. Q. Evans, p* Hg-_ Bjgggjglll 
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Goits* ochotKvfeieftlly elaooificfl oolid tynoa as ohown to Figuro gf> 

Svano' tahla can \>o cotfrojcstad with Soitz'o schematic diagram In tho follow- 

ing oonao.    Soitz la clftDoflfying.solid .tytjoo "by their chemical "bonding 

whiles 3vano Is uhov?ing what pro^or^oö ä material would have if ito al&oma 

woro "bonded together oololy %y on© ef tho four Isas-ic hond typoo«    =An out" 

otandlng rovolatioh one gaino from Soitz'o diagram, after he realizes 

nionatojnic motalo havo metallic "bonding, valonoo crystals havo horaöpölar 

"bonding,. Rolocular cryotalo havo Van dar I'/aalto "bonding of tho moloQuloo 

and honopolar "bonding internally in tho nolocv&on.t and ionic cryotalo havo 

ionic "aonding, io that all materials do not fall in ono of thooo opociflo 

catogorieo, "but some represent mixtureo of 'Bond typos.. 
1 It io to "bo noted that otructuroo with only homopclar "bondo aro 

confined to tatefevaloB* ätona.    For othor valonooo, ouch as divalent atone, 

ono can. only form a, oolid "by aeons of othsr "bonds "between tho moloculoo» 

'Ehooo oondo. aro usually Van dor Waal' o= "bondo or oono modification of thorn. 

Inspection of Eablo 17 in tho light of tho requirements that an 

electrophotographic film ^0 an inoulator, shows that such films should only 

occur if thoy havo hcnopolar •rtnd/or Van dor 'foal's "bondo "bs^tcen nelocutöo 

and homopolar "bondo "botwoon atoms of tho neloouloo*    AlaO,  it aprcoara that 

since ontic&l pro>xsrtioo: of materials having auch "bonds aro proportios of 

thf individual moloculoa, an.understanding of \;hy "both crystalline and 

vitreous soloniuifl could have similar optical properties hogins to c«poay 

(assuming vitreous and crystalline oolonlum "both havo this typo of "bonding 

'botwoon molecules). 

-*   »Ehe, HodornUJhopry of Golldo,!1 "by F. Sort», p» 75« 
KSISIRIOOJED 
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Solts clnosifloo hexagonal öolcnium no a tranoitiön "botvcen a 

no.lcou.lnr and valence cryotol, which, also has inpurlty soralconductor 

*oroporticG.    Evans clftoöifio.o hojtagoml ooleniun., So, and OhgSj ao having 

motallic hotorodaomic chain crystalo (hotoredoattic moafla that vory uoak 

nctallle."bonding in proeont).    fhorcforo,  it a-ipocra that crlyotallfcö 

oolcnium can ho co-naidsrcd ao a modified molecular crystal* 

>.-"? 
% 

5P* " 

Common Structural Chpractoriotlctf Amen/* 
Known Ehotöaotivo Jigtorlälg 

I* III'       "M      II. I.       HI M.JIW fill     Hj? ••-• llTl.B 

Bccauflo of the, nhovo clasoificaiion of grey hexagonal eryotaLllno 

ooloniwn, one Bight imagine that vltrpouo polonium could cönoioi; of 

extrcmo&y small long molecular cryataloor juot unaligned chain moloculoo 

hound hy Van dorUaal'o forcec. 

If this ia the caop,  It iß in tor opting to no to tho ahthracono hao 

a vary similar molecular atructurc to that of ooloniun,    Svana classifies 

it ao having long flat nOJuculoo "bound wi^arlly "by Van dor 'faul'p for coo» 

-Also plantic oulphur lo claimed"by Evan a to conflict of long chain moleculob 

"bound primarily 1>y Van dor Vaal'o for.cos»._ 

Providing tho «hove aaounpfclo&p are true for Vltroouo solonluft, it 

to öyidont theft oho oonmon shagnetoriatio araoric ntr&eturocs of phot one tivo 

natoriföln could 1eo their long »oleeulvö IntarnaiUy linked "by homopplar 

"bonding and "bound to other noloeul00 or lined up Ordorod aggrogatoo of 

noioculoa Choginningo of a crystal formation) primarily hy Von dor Petal's1 

hondö» .= 

In, mehr a eaaa^ ishe Van dor itoal's. hondö would rtovido tho 

inoülation hotwoon. chain raoloculoo or chain molecular aggrogatoo. 

M DAtTELUE   MEMORIAL*  IMSfSTÜXS 



^llö~ HSSE&IOTSD 

3y ftusunlnß each chain nolpeulö hao nn electron brad oyoten, ono could 

oxpoct to obtain phoijoolcetronc in ermty bando öf tho Individual moloculeo 

undor Incident, light.    ü?ho separation of tho_energy banda in each long 

jnoloculo or nolocular aggregate would dotarmino whother electron excitation 

to tho orapty band "by viciblo light could occur (if tho onqrgy of the light 

quanta woro tho OGMQ as that of tho "band ooparation, tho naxiauo efficiency 

of tho phptoojccltation procoos would "bo obtained).    It iti to bo noted, 

however, that ono would expect tho efficiency of photooxcitation for 

viciblo light would vary ap tho atono of tho polgeuloo arc ehangodto 

other typoo* 

At thlo pointt it io ijs^tinont to point out that dioraond ohould; 

noijtsooB. phötOGctivity-, "but Maybe not for. vioiblo. light (this doponda on tho 

oncrgy aopara-tion of tho full nnd onpty bando) oinaö its optical proportion 

havo dopendoncioo of a ninilr.r nature to that of ohain moloouloo and it io 

an incuiator.    Tho naior differences between diamond Moleculee and organic 

chain Molecules or tho propoood chain noloculoo ih vitremxa äoloniura io 

that the carbon atomo forcing diamond form single bonds in oach of throe 

-diraonoiono because it hp.o foujj electron^ to share, while" a ooloniuns atoM 

. ^nly.hac two valonco oloctrono 06 it can only grow in a chain*    Shuts, 

diamond iß a threo-diMonoional array of long ohft'in Moloculoo. 

On tho hagie of tho.poo.tulation that organic chain noloculoö will 

inherently poaooos photpolectric charaetörißticö if dioraonä Molcculoo do,, 

(becaupo of tho COMO 0-0 chains in both tho organic and diarAond noloculoo) 

It night bo expected that if a Si-Si ßhaih woro fornod into a long noloculo, 

ooparatod. f rora other lileo noloeuleo aa, in tho orgemic caooo and bound 

BSisojarogHD. 
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primarily "by %A dor Vewvl*'ti farc«o, it would nostioaa photoactive chnrr.otor- 

iotlco la tho ocnso of «loctro-ohotogrnphy hocavoo oilicon chowo photo- 

conductivity» - Therefore, it appears "both organic and porhapo oilioono 

fcatorials ohould "bo photoactive if certain other condit*eno can %o 

oatlßfiod* 

Although tho afeovo olaaoifie^on and correlation of otructuroo of 

\ photoactivq natcriolo Indicate«: 

lt.   Two roqulrnicnto for photoactive tutorial atructurog are that 

(a) tho otruoturo conoiot of wölcculäß "bovvnd nrlnprily "by Van dor Wnal'o 

forces and (%} tho «oioculoo '00 long chains" of atono. 

2» Tho ooureoo of photooleetrono awtho Individual saoleculoo or 

perhapa nolpeular ag^rcgateo ("bcginnlngo of orystolo);} the efficiency of 

tho oxpitation procoao io a funotlon of tho energy hand separation. 

3.    Tho Van der Ifoal'o hinding contributes tho oloctriqal insulat« 

Ing nature and allowo each molooulff to oat opparatoly^ undar light* 

H.    An lmown photoactive Tutorial a ore a^sujaod to have or are 

Identified1. ao=.having =thle-. typo of atrueturo or. a alight modification of itfi 

it. io not yot apparent how tho photo oloctmna owld soleaoo tho 

charge at tho ,ourfaoo öf an electrophotographic plato.= 

Structure, Conductivity, and.Photoconductivity in tho 
VI Group\.0f tho Periodic Gypton  , 

Oonoidorationo of öor?o eschar inontal data and otructural raodolo 

:givoa. fyy Von HipppI* f or oolonlum otrueturoa relative tö that of tho; 

olowonto In tho olxth group of the poriodie oyotom can ho helpful in 

BATTEU.K  MEMORIAL INSTITUTE 
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(l) doräonotrntinn that the aoounptlon mdo about tho structure (in tho 

previous section) for vitrceuc colenlutt hno hnd conciderabio vorif ication 

and (g) giving further Insights which ef»n forra a 1)0.010 for theorizing en 

tho photo&ctio» in tho olectro-ihotoßraphic pletc   Also,  cono understand- 

ing of tho transition fron oinglo öolcculoo to cryotfela can ^e obtained» 

I» addition, MI understanding of tho reason for So end hoxafsonally 

cr^c'tallino oolonivua falling to "bo photoactive in tho ssnno of an electro** 

photographic plato lo nodo ovidont. 

Structure        = 

Cj-ygon, oulphur, ooloniun, tellurian, and '>oloniwi ©tojno nivro WO 

l?orbital olocfcronq v/hi©h are available for covalont "binding,    Ehoroforo^ 

thoy have poöolbilitieß of coabinini; to fern diatcralc nolocul-a, ring 

noloculoa, or cjyün molecule» (ooo Figaro 2$)»    fcho proforoneo, in regard ; 

to v/hothor tho double or oinglo bond iß uocd,  ip determined by tho amount 

§f onergy gained in forming thoöo bonds,    For 0-0, '$kt$   kqal/mole io 

roquirod ao cönpprod t© §6 koßl/mele for Q&Qi so diatemio molocüics aro 

oxpoctod.    Tor Ö* tho corresponding.valueo are 63^ and <8$ kcal/mole, 

ohovfiiig ring, wologulda aro more favorablo.,  that Iß, utilising   Wo pinglo 

bendo will hot an energy gain of Igf.S ao compared to %t kcftl/raolo for a 

double bond.    For oolonlum tho largo flitso and polarialbility gives einglo 

and doUblo bondp of about oqual ptrongth (,ff»$ compared to 59 kcal/nole)/ 

so oinglo bondo will altjo bo ,o3Woctod in this cato« 

Sing noloculOB will broalc intoo ohain Bogmonto. at high tor.iporaturoa 

which nsy polynoriso into chain noloculoo, giving, tho rooulting material 

RSSIRIOffiED 

BATTtfU-E  MEMORIAL.  INSTITUTE 



119. RESTRICTED J 

DIATOMIC 

PUCKERED RlNSS 

-   «8 
'•; i 

r :-'4' 
3 

% 

RiGHT - HAND SCREW 

FIGURE 26, SULPHUR MOLECULES 

Q-IQ0S2 

RESTRICTED 

•/WAS 



* 

*>*"( 

% 

-X20- MSTtiXWm 

plaotlclty, for oxnranlst, plastic sulphur.    It io Hnown that stability of 

chain moloculoo d^pendo on tho otatuft of their and grows arid on "binding 

forcQß acting between neighboring chaino.    Oil, sulphuric acid, or" halogen 

can act as chain torninatoro and prevent polymerization <u> hoa toon tjhovm 

by viscooity nioacuronento on outphur with euch additiono. prooont.* 

Tho 'binding fprocs acting botwoon tho aoloouleo of oxygen, sulphur,. 

ooloniüKi, tolluriun, and polohiun aro indicated "by tho cryotal ßtrueturo 

of thoao olomcnto,    Go-lid oxygon conoisto of diatonic noloculus only "bound 

by Van dor vfaalu force«.    In oulphur,. Sg ring noloculco aro packed tbgothor 

at a diotanco oonowhat clooor than tholr Von dor '/aal's opaeing.    To and So 

hay«? hoxagonal otructurc eo-ipoaod of chain nolcculoo and Po prooonto a 

olnplo cubic lattice    Thoroferc, a progrcosivo deprcaoo in tho diotanco 

botwoon Moloculoo takoo pineo in going fyorrO to Po.    So roprooonto a caso 

where tho intcrnolooular binding forcoo havo increased oiiough that it hats 

a chQißO, its a function of cooling rate, of ronalnlng in a diaordcrod 

chain §nd ring «oloculo otago or going evOr into an orderly chpin rioloculo 

arrangoncnt which io tho hexagonal structure.   Incidentally an orderly 

arrangonont of ring noloculoo givoo an orthprhonbio^ structuro for oülphur 

and a nonoclinio (rod) ooloniun otructuro.    In Io tho binding forooo 

„between noloculoo io, too groat to allow tho dicordorod condition to oxist 

in tho qjolid ntntoi   Pigui'O 27 ohowo tho otructuron of S, So, So, and Po, 

One can. sea hare tho wey is which tho .chain nolcculps fit together to form 

tho hexagonal otructuro of So or So,    Pron. a knovlodgo of the alon spevcings 

jand angles in thooo otructuroa, It can bo ohown that tho ooodo of tho 

cublp otructuro of polonium oxiot in To and So«    Tho appearance of the 

*   % P. 2^cph and B, parolll, J. Ar,u Chan,. Soc«, 65, 639, 19^3. 
ElSTRIOTfiD 
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cuhic otructuro in. Po Is tho oRUto of tho drop In tho Halting po^nt in 

going fron (Do to Po. * 

lilectronic "Qgndugt&dity. - 

Ao tho fthovo nolgoulo and crystal otructuro dovolop in going fron 

0 to Po, a gradual evolution of electronic conductivity occuro«    in 0, 

electron tronofor CM only occur hotwocn tvtöho of diatonic noloculoo.    In. 

oulphur, tho ring noloculas, havo tho hoginnlngo of electron hand otructuro» 

Tho format ipn of long chains hy nolyncrizaUon in 3, So, and To nafcöS; 

electron conductivity along tho individual r.iolaouloo poaaihlo.    However,, 

aa a rooult of the honopolar "bonding hotwoon atöno of tho noloouloo, tho 

olöctrono are shared "between atone, thoroforo, giving a fillod hand and 

naking conduction at roon tone, raturc within a molecule inpoaoihlo itnloöo 

ojspit.fttion of clcctrono hy other noansi to higher oloctron lovols occuro*  = 

Light or tonpqraturo sah ooryo ao tho anorgy of excitation to 

excite oloctron? fron the fillod hoMs in tho&G nclo&ulo.o.   When those 

electrons loavo tho filled hand of tho nolooulc, thqy* loavo a poeitivq 

holo 'bohind.    Under an applied loioetrlc flold,  the oxcltod cloqtrono In tho 

formerly onpty hand,  end aloe the positive holea in tho full hand can novo. 

("Boo Pigurc 28.)   The excited electron ijrocoodß toward tho ano,do and tho 

posit.ivo holo nigrateo hy electron oxehango toward tho cäthe&ö.    Tho width 

ef the gap hotwqon tho filled and onpty hand dotorninoo tho onorgy noodod 

for oloctron, o^eiwtiöfiö    Evldpnoo that, thio hand oöparatiön in S, rod ' 

nonoclinio, and gray hexagonal aoloniun in approximately that of tho 

quanta, of vioihlo. light hao heen given hy varies inyontigatoro* ao shown 

R. P. Bacon and R,: Parölli» J« An. Ohon. Sbo«, 05, 639, 
RaSTHlqT-SD, 
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In IFiguro 29*    It la to ho noted that thie evidence in Plguro 29 w4o 

obtained fros solid© undo up of maiy rioloculos.    One met, therefore, 

explain how the oloctrono raovo fron one nolcculo to the next.    One would 

oxpoot that tho excited oloctron leaving a i?oolHvc hole behind would oroate 

« poolfcive apace ch&rga»   ffiho force of tho positive apace charge loft 

behind, plus thö low probability of on electron paoolng tho Von dor Waal's 

gap botwoon nolpculoo, should trap tho electron«   If, however,, a high 

field were applied to ovoroona those two influences, one night obtain 

conduction of tho oxcltod oloetrona through tho body sf tho natorlal. 

Exnoriraofttal ovidonco that photocutront in oulphur and nonoolinic ooloniun 

io a function of applied voltage,.efo, shown in ffiguro 3°» •••Shown that tho 

cpnbination if high field and tho high onbrgy lovol of tho excited oloetronc 

allows Conduction in, euch a nolocular mcdiun-< 

Tho diffo^Qiicao botwoon electrical conductivity of groy hoxagens-1 

ooloniun, rod nonoolinic, anerphouo ooloniun, and oulphur can now bo= 

undoroteod by conoldoring their atruoturoo and. the procooo of oxcltlng 

, electron? and aroating holes.    In S, nonoolinic, ßöloniun,, dnd anerpheuä 

solöhlun,: the holoo loft bohind by the pxcitod oloctronö-, which, novo 

botwoon raolcculoei only undos? high applied fields c&n not novo  Stum- 'the 
; nplapula lit whisk thoy £4'0 producod bocauoo of tho. highor poiontlal 

barrier "botwoon noioouloo presented at this lowor oiiorgy level th&a at 

the energy Jo\rol of tho oxpitod blo«tronq.   Ho ebon ao tho hexagonal 

fiojohiun. atruotuTo ovoivgir by lorr,iation and lining up of chain ftolöculoo* 

tho strongor intornolooular forcöe röoulting fron thö tondonpy. toward 

notallic bending lllco that in Po loworn tho barrior botwoon noloculoe and 
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allows tho holes to »igfccvtoi- HHdsseo that this, explanation Iß valid iff 

r*ivon Tsy "all of feat raaaäüroftcfttfl-, thornooloetric power noasürcnonss and 

rectifier action of groy hexagonal ooloniun, since positive holoä are 

iridiedted as providing the conduction in those eases.    0ho nny äok why 

ono observes a Hell effect,  since ogual number cf holoo and oloctrono 

should 1)0 moving, thus sooningly cancelling out any effect*    %U can bo    - 

answered by netitfg that thoro lo a difforonoo in tho mobility of holos and 

elöctrono and aloe noting that if irapurity lovolo of the acceptor type aro 

prosont, the o^citod oloctrono, nayhe trappodv- 

Shorofoi'Mj. a model for oloepo^otegi'aphic Bolpnixya otruqturo 

conpoGod of isolated chain noloculco (anornhouo ooloniun) or ring noloouloo 

in cryotals (rionoolinio soloniün) ia foasiblo and tho reason for tho 

inability to use cenolotoly grpy hoxagonal selenium, having sinilar 

photöoloctric properties, can bo noon.    $he nocbaniqnby which photöoxoited, 

öioctrona pan pass threugh a nodiun composed of chain or ring molecules 

bound together by Van dor Waal1? forces io shown and supported by experi- 

mental data,   Aloo the reason ond pujworting data for tho in oulating nature 

at room temperature in tho darle of a material built lÜso this fte&ol is 

apparent.    IHxrthojj the assumptions nado, in the provieuo oootion, yhoro ä 

poesiblo common structural nature for photoactive materials was discnaöod, 

are Supported and. elucidated, 

fho fforma'bion of ;an Blootreätatlo IEWAC 

Iho explanation of the formation et an electrostatic image. ,oan bo 

readily raado vising tho above structural model and considering the conditions 

undor which conduction can occur in ouch a structure» EDSO&IGSED 
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Charge, eithsx on tho fiyrfaöo or induced, in the filn ourfaco at 

room tonrjc.pjvfeuro "by the charging device, aoto up an electrical field through 

tho film.    Ho approeiaDle current will Clow while tho specimen in in tho 

dark In thio condition (hewover, there io undoubtedly an upper Unit to tho 

fiold which con "bo withstood) "bocauao any pooitivc ho-lo prooont in.tho full 

"band can not novo from ono molecule to another and tho energy ooparation of 

tho full and empty energy hando for tho moloculoo io groat enough that 

thermal oJcoltation of olectrone to tho ompty "band only rooulto in a few ouch 

trnnoltiona. 

On oxpoouro to light, photooxcitation of electrons occuro BO that 

oloctröno riso to the empty hondo of tho nolpculo»    Cho oloctric f lold pullo 

then to tho anodo providing tho £iold in largo onou^h to overcome tho force 

of tho positive holo attraction and tho potential harrier "botwoon molecules« 

If the film ourfaco io tho anodo, tho pluo charge» there will he noutralisod 

'by the olectronot    If tho filmourface io tho cathodo, tho negative charges 

tftoro will DO neutr-liaod "by tho "bound positive holosi, in tho moloculoo at 

tho ourfaco (it will "60 recoiled that tho previous discuäöion indicated 

holoo can not mövo fron noloculo to moloaüle in nonoclinic or ansorphouo 

Volonium)*    Since light quanta nuot hit individual moloouioo im ordor for 

oloötrone to ho reieaoed, it i& ohvieuo that only thooo aroao of tho 

ourfaco on which light impinges, will looo thois ehargo.    AloOj  dnco tho, 

number, of quants par unit area incroasoo with the intonoity of light and 

; noloouloe are vory email,, oroap hit "by tho_greater light intonoitioa will 

looo more chargo than thooo hit hy lower light intonaitioo, that io one , 

oscpeatp a otatlotic&l increase with light intonoity in tho nunhor of ohargoa 

noütraHzöd "per unit aroa. ^SüSlOfflSD 
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A uinpllfiod dia^ran of ono concept of tho effect of charging «wid: 

light on tho noloculoö or cryfctftlo of en eloctronhotogrrphic filn is ohown 

in Figure 31- •-.--. 

5_iocusa|en 

A critical examination of tho ahovc explanation of tho formation of 

an oloctröetatio imago rolativo to accumulated htowledtgo on .olootro^hoto- 

graphy* dctallo of =tho otruoturol nodoi, ayid the dopondoncloo of: its 

electrical conduction choraetoriß'tlco hringn out a large nunhor of con-  : 

öidorationo purtinont to dovolo^nont and undorotanding of olootrophPto- 

graphic plotco end al#o othor poooibillitipa in explaining tha details of 

imago fornation»   M the raewpnt, some of thooo eonaldorationa havo hoon 

«ädo..    In thö following*  äono of thooo arc dlaouBood and in a following 

ooctSon. eono portineat pxporisionw «TO• sJav-iewed« 

For tho pronont,. it io to ho notpd that: 

l*'  Since a positive holo apace charge can ho developed in tho filn 

ty incident light in tho proeonco of an aloctjcic field, ono nay -oxpoot to 

find that a filn will dogonorato on oubaoguont chargins with, the bams 

polarity.. '.'"=' 

3«    One could ihogino tho charging process as developing a pooitlvo 

;.hble opaeocheese olfenoar -ttoobaoo or. qwf no« of ihQ Slim-  (doponding on tho 

.charging polarity), which would päroixit after removing tho charging fiold» 

2.    Under high f ipld strongtho,- Otto would got olootron field 

qnieaion from the molecules oönpoaing tho film*    Alao, ponitivpjholoo would 

have a groator probability of penetrating tho intormoloculer barrioro undor 

BATTEJ-LE  MEMORIAL  INSTITUTE 
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higher applied cloctrical fioido.    It follows that the anount of chargo 

: abiB %Q Tao retained on tho nurfaco of a f i-lm aftor tho charging operation 

nay "bo a function of fiold throsholda for flow-of thooö charge carriers. 

Pur tho r, owing to difforencoa in nohlii.ty of ol&ctrono and hö^ca-j e*is «tight 

oxpoct    aoynnotry of chargo "built up using difforont polarities. 

ty.    Dark decay nay "be accounted for "by assuming a finlto probability 

of pooitivo holo flow hotwopn nölocuioo in tho dark and aoouning oprao 

electrons arc thörnally excited to tho oranty "band in tho acicculos at roon= 

tenporaturo.    It would ho .oaspeptoa that inpurltios in tho ooloniun would 

havo difforont offooto doponding on whoro thoy woro positioned.    Shoy night 

apt to inoroaöö tho v>£oorMlity of pooitivo holo conduction and ineroaoa 

dark dooay.    d?hoy could also incroaoo light docay if thoy loworod tho 

potential harriers impeding photpoleotron flow«, 

Ao ^ao notod previously, there in an a^jxvr.ont incroaoo in dark 

docey rato acooeiatod with illuninatioh.    Ono pQOBihlo explanation of thio- 

night ho haeod oh tho astmnptlon that during illunination sono olectrona 

aro raised to oxcitod statoo which, aro not, hov/ovor,  in conducting bands» 

Iho extra Phorgy pooaossod by thooP oioctrono will nako it oaolor for- 

thornnl agitation to raiao then into conduction hando in tho dark*    Until 

tho nunhor of thooo pxcitod oioctrono lo. exhausted, tlicro will bp ah, 

apparont incroaoo in dark docpy rate.   While this explanation nay account, 

for tho offoct, it is only conoldorod tentativo since, ac noted in poction 

1, there is ;aono doubt ao to whothor tho offoct lo. ».Pal, 

'[)•   ffiho offoct of orientation of nolpculotv relative to tho film 

surface is of strong intoroot oinco v?hon chain noloculoo aro involved» 

.EBSERIOSED 
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conduction along thoir longtho only io possible.   Ono would oxnoct that at 

fv position vfharo all tho twlooulos wore linod up ond-to-ond fro» ourfaco 

to baöo,, tho grcatoot rate of light doeay would bs observed nnd also the 

groatoot probability of positives hole Migration would bo progontod, 

6,    On considering tho data in Eiguro B$ for oulphur and ooAoniun 

and tho difference in tho oloctrephötographicaat*on of a plastic ßul^hur 

and vitreous oeloniun f+ln, ono begins to wonder why thoro la ouch a Iwgo 

dlffcrenco in light doaay »atos Votwoon then«.   Shis, night ho pxplainod by 

difföroncöo in potential barrior heights bctwoon noloculoa owing to differ* 

oncoö in Van dor '/anl'o spacing and then atfain it oould bo o:rolainod if ono 

SSS\XE&3 that in ooloöiu.« rjoleoular aggregates (sssda of crystals) r.ro noro 

connon than in sulphur«    £ho aggregation of noleouloo into a preferred' 

array would tond to dpsrosso tho difficulty of ttoving olootrono or pooitiyo 

ho;(,oo.    (Support for sowo additional considerations such no those 1B given 

by ObsorvationQ of alpha nonoclinic soloniun in paint ftlmc, sono hexagonal 

apionlun in a few uoablo f ilna and the sinultancouG incroaoo of light and 

dark decoy in going fron S to,So» 

Y» Owing to tho characteristics whish could bo ascribed tu filas 

by variations in molecular orientation and aggregation and in viow of tho 

lnportanco of tho fiold strength in obtaining photoconduction, ono can 

oaoily aoo that filn thickness should bo a very toportant factor in 

determining the action of on oloctrophotogrnphie film« 

g. It would appear that „oleetrophötographio. action could bo a 

strong function of filn temperature during charging (owing to tho rolo 

played by thornal oxcitation) as well as the offootpi of light oxposuro» 

EBSSEIÖ23D 
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ADVANCED ECR3ai:3LTga.P3g?IlTBgT TO OBRITYITE ;a7D•, IK?TD-Ilia ffKS THSORY 
jvro ;j)v:aTa\&scögLY upino ana gywogaaaii ci^snmQAS O:T 20 mm 

3ffoctn oSJChlekhoflo of. Solpniura gircnontod Paint ffil&w Oiy 
ff heir 31eotronho^O£TC,whle Pr^ftort-lOB 

2?able IS and Piguro 32 ohcw tho result« of oloctr.onptor and lrmgo 

fornatlon toato an oolqniun pignontod parionrRozyl paint filr.ia of controlled 

thickneoaoo varying fron O.OOQ'i to 0.015 Inch,  . nado frott ono bateh of 

paint and proporod undor controlled eonditiono. 

Oho viauallaec a paint filfi ao containing nolocular aggrogatoo of 

aoloniu» in nonpclinio cryotal array, probably dittporaod in particloo ofr 

nolocular oolonlurt which in turn aro dioporaod in &n inoulating organic 

ncdiufc wS.ich Boparatol the ooloniun partipipa by thin barriora*   On the 

boßln of theory and titructural characteristic!! for oolonlua, ono would 

oxpoct that thinner flips would thoroforo toko I000 chargo and show greater 

light and dark decay rateo»,   Shits typo of tr«md ia oböervod for flints loos 

than 0»002 inch   , thick and continue0 with saao nodiflcatlon to 0.005 inch 

thicknoBsoo.   At tho nonont, it i% boliovod that unoxplainod trondo at 

larger film thicknooo are cauood "by paint flow (porhaps giving nolocular 

alignqottt)V 

No. attonpt was «ado at this early döto to explain tho detail0 of 

tho curves.    If tho aono oharactoriBtloö; porsist in future toots, tho 

detailed trondo will -then ho considered. 

It in nptovorthy aleo to point out that light docay ratots for tho 

thinnoct filno approach, those for ovaporatod filno of otailar thieknossoo 

RBSffirtlOIBD , 
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«ABM lg.    HFHEOTß OF VARTATI^US OP TWM THIOJSTESS ON üHABGE AOOETTSD, 
LICKS Mi DARK DECAY RAJ?S ATE» fHAGS OHÄÄAQTWrSWOS FÖH 

ARQ, So P&TEBT PABLOIHaEZYL £Xt»8 IÜADE FftQM 0K3 BAToH 
OP PAIITO 

-•:. tdBUjti'trMi AWlüjcMiiii uswftm jsacxx -TTTT.T • is&SSS 

Kunibar  Thlckneoi, 
Samples   Ss«   Baee Materiel 

.Po^Afrlre, 

Samples 
gSj" Light Döcay, 

Volts   #/ml»e 

Negative ffia.ßfla Formation 
Dark Decay»      Charge,    Light Decay,    Dnrk Decoy,    Bund of Lißht 

Volt» $/&ln» $/roini Exposure     Intensity 

O.GOQg 

0.001 

Aluminum end 
Steel 

Aluminum and 
Stoel 

lao^ito 
1U6 

350-U7« 
3$2 

0,005 Aluminum 

0.01Ö Aluminum 

O.Ö15 Aluminum 

O.OOOJ " Aluminum 

"O.OOOU Aluminum 

U90*525 
500 

5OO-5HO 

103-120- 
109 

51 

IO7-15H 
13l+ 

1+2-11+8 
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0.002        Aluminum and 510-600       91*117 
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S3 
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5H 
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91 
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52 
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HÖTE:    1. Base jJlateo wire. erüeheä eöfsrrepainting. 
       c«, Paint u»ed yea, So. 1+16§-1. 
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%, Values are äyey&flea - extreme, range is shown 

•  •••.•5«:" 7ÖOO tQ&ti oh wire- for ia&fw etharge* 
6. = One-Hmago* for eaeh thtekneee -? usfing. optimum conditlone» 
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FIGURE 32. EFFECT OF THICKNESS ON ELECTRICAL AND PHOTOELECTRIGÄL CHARACTERISTICS OF PHOTOACTIVE 
; -: &EL0WUM PAltöT SPRAYED PLATES 
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sad isogos son hp Phtainod in shorter tinea (l/8 second   for thinnest 

plat©)»    However, 'background persists on tho "wints frqn tho thinnest film* 

Effects of J3ulT)hux> Additions In Solontarv 

On tho "basis of structural diagnoses of noieniun mid öul^hur öno 

oxr)octo that sulphur added to aeloniuz» nicht retard formation of itts 

hexagonal structure»    ^orpfore.». it should fes possible to hot urpss 

:   selenium with sulphur additions without crystallizing tho. ooloniwi during 

tho prooooo.    As a result, it should "bo possible to Uöo tho hot~prses 

Method to make electrophotographic f lino. 

Also, one pjqjooto that oinco sulphur aoloculos htivo larger Van dor 

V/aalU' spacing than scloaiun Molecules and cuj">hur shows a lover light 

dopay %hen aolonlun, sulnhur will lower tho sensitivity of ftoloniun» 

Att.or.vpts to hot prosa ooleniun '?ith sulphur additions and retain 

electrophotographic properties wore succössfui, using 1 per cont or greater 

additions of sulphur,,   tfiguro 33 shows tho tronds of accepted charge, 

light decoy., and dark dQcay with tho'percentage of sulphur additions.    It 

•is to "bo notod that positive and nogativo dark and light decay ratos and 

accepted charge; arp similar with sulphur additions (this has heon notod ag 

not tho ease with soloniun alono).   Moo, tho anticipated trend is 

obtained»   „   = - ;      .. 

On attorapti&g to ohtain itiagos frpfl those glatöi., howovor.|. an 

unexpected of foot was dhöprvvjd.- (Soo Tablo 1%)   2?ho lowpercentage sulphur 

platQc which ahowod tho "boot decay characteristic would not produco a 

powder inogü.    However, of tor rottoving tho surface layer fron tho plates 

issomiöESiD 
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<£• ' ;gft«.:pla£e taoi, • 

Ög söle^uausBft iäjBhaioüa iäi.ppoa*ix„I.) 
•PSF charge leyox," depay ?*&>» «IT'       Saq-'Wgure 31. 

Ditto 

n ITöno 

faint 

Scratched 
With 
tfandpnper 

" Serat**hod 
with 
candppper 

,! Ditto 

To« 

Yes 

tea 

Yap 

lOB 

Scratehod 
with 
sandpaper 

Ito 

Y>as 

TOO 

Y<i8 

fUrrar -surface.   . 
Surfdoö becomes wavy *.nd 

sel&nium flows.   Pre?»«A.*C of 
gray hex. So probably re&sp» ... 
for.no ohargp«, 

Kirrer guidfape - readily press* 
©d - approjfSmatoly Q.Ö2>   o 
inches film thickness.  - 

Physical naturo like 1 per i 
cent o&fle - ^moRs- fair, with 

owing to scratching. 

Physical naturo like 1 per 
oont oose - imago faint ' 
with low baok£?pöund> 

Surf ago pwQT because glass 
shattered - image fair with 
high.'Bfttt-lfa baokgsound« 

pitted surface - fair i©age - 
with very high* mottled bap}?* 
ggound* °      c 

Surface wavy and glossy •*• 
f ai^at imago - very high baclt- 

:gröund* 

fees surface with spot«- 
faint image »• high background; 

Hirror surface -_somewhat 
better» image than- Above plate 
psosjed at .300*2* instead of. 
2öö*|» ..   ;. 

Reddish ePlored,pQ0r surface. 

Paint imago* high background« 

Wi<ufc<iMiBii>i;iiwii.iWMiiiiiiiM^pi»nu*^iMii!ii<i^ti»Hidi»iiu>r;i 

RSS5RiQ5JJSD' 
••W»«WWlWiW><-* * ""•»,qB*w»w&M3s^^ 
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t:hcy did«    Aloo when u&ing a glaso er nica platen or opraylng   tho liquid 

nolonlun on instead of pouring it "before pro on lag vdth a ichroniun nlr.ton» 

ono could obtain an tr-w.go.for 5 P°r o°n* additions of sulphur«    Uolng 10 

per oont sulphur addition and a chroniura platen», ono oould obtain a faint 

inago. 

- An explanation of tho lac)? of triage formation in oor.10 of thooo 

casoa can "bo .given when tho .*.ioloeular otruQturo of aoloniun and tho offoc£s 

of platon preooing are considered and it io realized that a oeattprod   t 

dopooit of ohroniun partiolon ipprooont on tho aelonlun purfr.co.    Apparentl 

tho pUrfncQ vac wade sehducting enough by tho chroniun in tho caeoe of 

önali pörcontogoo of aulphur that tho ourfaco chorgo oithor leaked off or 

waa pullod off by tho ppwdor dovolo^or. 

SJhooo resultö havo ropercuooionp on theory of changing a plato 

with ön oloGfcröotatio charget if thoy aro verified by furthor oxporinonts» 

eir«20 they eould cuppert the idea tha« a poäitiv© hole npaco. charge in tho 

bullc of tho nntorial iß induced which ronalhn ovon if. tho charge loavoo 

tho sftrfaoo ao ohown by electromotor dftta»    On tho other hand,  the 

olootronetcr reoulto aro accounted for if it in aoounod tho powdor dovolopor 

; removes tho ourfoeo charge owing to the nature Of tho ourfuoo not being 

ouch that ghargo 'will adhere to it otrohgly*   2\i£tfaer, lnvootigationo of 

theoo phpnönöha will bo node« 

fehctoa&tiyity of Matori&lß Golootod on tho Baoin 
of fflhoir ffundahantnl Qhor.tical Structure 

After finding that photöäetivo material structures tiro related 

through thoir molecular nature and typo of biding forcoo tying the atom» 

BSSUSAOSSD 

QATTELLE  MEMORIAL (NSTITtlTE 
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of tho noloculoo and tho rtoloeuloG tcgothor, tößfrß yoro made on nntorlalo 

chooon on tho hasio of their haying this structural character» 

I&hlo SO abowo tho rooulta of those controlled ooarchee for novr 

nr-terlala ao far 0,0 thoy havo hoon carried at tho prooent tir.10.    Iheco 

natorlala with nolöcular structures characterized hy having. long chain or 

fl,at noloouloo or crystal evdth a propondoranco of Van dor Waal's hpnding 

hötwoen rjoloculoö end ahlo to ho ettnlnod in thin layors all ahowod 

photoactivity %hm tsujynerting the ciaealf ioation for photoagtivo matorlalo. 

ffhpöo toato Ir.vo not hoon in progroog for long onough to find out 

whother any anomalies oan ho found*^ 

Booauoo of other footero hooidos noloculnr structuro hoing lnportftftt 

ouch as, for esenplo,, thq enorgy lovolo in tho MQloculoo, it can not ho 

aooumod 1;ha-t thia olanoificntlen io conwloto»    However,  it ap-iorro to "bo 

good onough that, conoidorablo tine noy be oaved hy uolng it to look for 

nov* nateriaio.  - 

Jlffoötö of .tho ^ont)orataro nad ffcrmftraturo grortrient -of tho 
ffsloniun fflln on Photoaetlvlty 

Sineo tho thoory of eonduotion in electrophotographic filno and 

«ens iteration of the hehlte ef sclonlun (structure indloatoo tonperature of 

tho film oheujd affect it a reepenoe imd aloo ulneo ionporaturo tror.tr.iont iq 

known to ho inpertant in changing aolonium etruoturo,. toato wore initiated 

to dotornino what typo of offoeta toj-ipornturo troatnonto. of 50 and .7-0*0, 

would have at teraporaturo «.id following tho troatnent, 

Tahlo £1 ohowo tho roculto for a oolöniu» pignontod parlon-roayl 

flip, a hot«proöBod aolonlun pluo 5, por cont sulphur film, and a hot- 

^CTSI-OJEES. 

0ATTELUE MEMORIAL INSTITUTE 

mUffywMw ifmu**&*mwtw&*l*> *"'"• 
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EASL3 20;   maoLaavriTi DATA or. HMTBIAIG oaaoasED O:T THE BASIS 
OP TH3I-E lUSPtfiHTSAL OlETJOAL GSHOOTÖSB OUGÖIFX0A33CXT 

of 
Material 

Porm of 
liatorial 

Fundamental 
Structural 

ITpturo 

Ssmittp of 
SÜoetroraetor . 

Eo o to.f o r Photoac t i vity Somurkij 

Known Photoactive" lhtoriolc 

Selonium Paint film     Chain molo»~ 
,evap,, hot      culoo 
oprayad aggregated 
pWdbr alpha-to cotfe 

extent; 
aoleeule-s 
Vondod by 
Tan dor 
Waal'e and 
othor forceß 

Highly photoactive Seai-ttlaatic 
matorial 

,SoG 

Sulphur - 

Änthracono   Pilm " 

Hit to -      Sligfeily r-hsioaotiyo     Plastic 

Slat long 
molecule o Ditto 

How Photoactive 1 Sit or lain öhoeon for the Nature of ffheir lieieeular Structure 

Powder 

Platen : ' 
proüood or 
sprayed 

Plat long 
moloculeo 

Ditto 

liot-Q than, olightly; 
photoactive 

Dltta °- 

Di&mond Diamond duct Shroo-dimen- 
- In paste aionod homo- 

;polishing 
matorial 

pola£ crytstftl 

Very olightly photo- 
a,   Ive 

Naphthalene 1 Jolted on     Plat long 
plate and     molecule 
quonchedT 
film 

Slightly photo- 
active 

Plastic 

Se<iuii!00 
analyoao of 
panto and 
tooto thereon '' 
to verify 
diamond photo- 
activity 

Somlcryataliine 
pla&tlb-l'iko 
wax 

msstmio» 

BÄTTBLUS, M EMOa l-A*- < N8T»TUTE 
f: 

^J»y*g'"^y ° <w»wwi»* • mi*~w 

'•'^*. 
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XA81E 20.    Continued 

ssramiosao 

•SJjrno = fundamental 
•  of Pqrra of      - Structural 

Haterlal       Material Ilature 

Soewltn of 
llioctroffietor 

Ssßto for £hotoactivlty Eeraarko 

Xionß chain Molted and   Long chain 
Paraffine   ^Liaporood     nöleoulöa 
tsaultiWax   ,in toluol 
W-UUg) and iiprsy*» 

ptjint 

ßlightly photoactive Eully micro-" 
sryo;talltoQ and 
plaotioSdiqt» 
tiy Petroleum 
Special!too, 

/inc. 

"»the? Matoy°ialo Ohooon for Their Olooely Associated jfaturea 

Sook a charge no opoorv** 
at)!© light action 

Book high charge (.1010 
volts.) no «mservaTjle 
light action 

ITo charge 

look char^o no ohooi'v« 
ahle light action 

Vltreouo     Glatm -alato 
7 thick 

- 

STrtural       Sttokod1 ohoot 
ruhoor        l/l6" "   - 

thick 

*" 

SiÖ2            Pov/dor '-. 

Vul-lajftinitfl     - 
(4foeuro 
0aO;«SiOp) 

.M 

USSaRroffiBD 

BATTCULS  MEMORIAL  INSTITUTE 

<•-"-—•-•»—» «•-   ».-_ #*• 
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'DAS&E at.    «»aWÖWaRSS SBTEÖ5M OH SUaOSROPSD^OHAPMlO Will OHAHÄOl'OlIStflOiS 

Plato 
.JHWIHII kjcasaJtjcsiawesgtafa »^»c^M^tgjyawaK^ 

£><KKir^.üaji-jA_. 

Foftlti'm 
®a4   , 

Sojnpeiratttife 
otaYföLqg' 
= Voltft£0 Yojto 

Pftlct #lftte 

Eooa \taapi i#QQ .175  = 

"50*0.  * -f* »*00Q. "-»!?£ 

HOOK0 KftBJp.. SOSO 205 

jßo° - |0°ö.« "3Goo°;   ? 10 

Prated Plato -. ••- • 

Boos %mp* H0ÖO 575 

50*0* lK)00   ; 530 

ROOKS tesnp. 5OOO   0 6$o 

|0» - 7p6Q. UÖ00 555 

a«s^pi»te- - 

Room tbmpt ^50Qc 550 

50^0. IJOOO H?o 

'%pm. tomp. |000« 620   : 

,6^-|6ea,. ~ ^ * *' .-ygtö. =c 
\\% 

LSrjht SaooK", 
p/ftitu 

Ba»lc Decay, 
•*??L 

Ghnrfie,       itfM Mew.       Dofrte* Spgo?» 
Volts     .   #/jain* #/"*% 

l6.5 

X6f 

166 

.0 

33 

20 

39 

133 

%m 
156 

10U 

179 

ISfSj    Psittt Plate «•:ABSL-SoU|U^i ^agloa-Roaaa 
.' . " .. fh«"•«* PlAto V :M& + 3$ S .odd* tf on 

=   Sprayadl Wate °-*KD^° Öoloiilus? 

'gg. 

w 

liO 

= .. f 

16 

13 

70 

(51 

107 

56 

135 

210 

130 

205 

31 

^95 

IX65 

7?5 

: 130 

220 

SSO^ 

3S0 

327 

31U 

290' 

21 

ft 

150. 

POO 

2U6 

60 

83 

62 

200 

11 

Xk 

13 

37 

70 

100 

)io 

190 

BSSTOlQfflBI)' 

W«&»!^^««»A "»'»»'»»«M«««^ 
T-Wää^WW^WB« 

Jtgp^ggwwwwwwisw«1**''*"*- 
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-IU3- BESjniOTJS» 

sprayed DDQ, ooloniun fiXra.    Thivknooooo wore vrri-rblo nnd tho expQTifwnto 

woro crude 00 eniy abrief diecwooion of .-tirono rooulto io ^osoiblo r.t iihio 

tlno» 

She light decoy or drrlfc docnj' of a w\ij* fil« to not ajnroclrifcly 

nffoctod ty Vrn;.crM;ur0 tr-c^tnonfc ^t SQ*G« or A tö.tt?orA1iure of ?Q°0*   In 

contrast tho Xißht docAy of tho prooood oul;ihttr~cont»ining oclouiun ASä tho 

hot-aprayod coloniun lo nfföctod.    Hewovor, tho offocto npponr to >o'"'oorio«* 

what different in- tho Irriftt* two- SAöSO.    Por tho culphur eontnnlnAtad plAto, 

it apponro $0%, dooroAoes^ light- end increaoor dark decay while fO9®. 

incroaoao lißht And dacroaooo dark docy«  .for the oprayod pinto, the 

rosponaa for tho nofl^blyo and poo.it £ve polarities ig different.    In thio 

Qftoo, it ia to bo pnrticulräXy nö-tod fch?t After tho 50°Ö. tsroatttsst;, t-ho 

noßAtivo li*ht, doc^y wao incroaood to otftrrordinariXy high vrluoo And thou 

dark decay V/AC decroaood» 

InvOotlgntign of JlatnrlAio Known or Gutmocted to-Ua Photoactive, 
aa Gelootod. frort XiitarAturo Survey on. Baois of Eho-toconduetivi.jy.t 

ffltiorioooohcö. and -Phosphor oacorico. -."."-'- 

ffiho littt of rmtorialo 'iiovm or ciWooctod to h 0 photoconduetivc 

WAO oxt,ondod and fortyrfou? additional natorialo wore tooted for photo- 

conductivity. 

. Dho expended XlBt of tjosoiblo photoconductivo raatori&lg Appears 

in ffiablc S2t A ounnary of tho röoulto obtAänod in tho tooting of tftpoo 

nafcorialo appoaro in Sablo 23« 

She toot «athodo uaod in chocking tho aaiorlalo for photoconductiv*" 

lty woro c.0 followo:    (l) Brook up tho natorial uoing A nortov and pcatloj 

SaS!DRI0B3D 

0ATTELLE  MEMORIAL  INSTITUTE 
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X 
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TABLffi aa,    JA3H3KXAL3 TBJGlAl- OK SUSPECTED 
•SO BE HiQPOGCUmj55ÖVE 

RESTRICTED 

lr 

Material 

-     *    t.     •            >    Mm- <*»»•    »f  •«    *    -    i-—   i— 

Chomioal Formula 
_  ,.Vl-__',,.,.,,",St^tUB ^.A "          "j 
foderod Reoeivsd Teotod 

Axjenapfrfchene CibH#H2>2 X 

Aeridir,4 <5flH^»CH.ÖeH4 x 

Aluminum oxide AI2O3 X 

Aluminum oelenide Al^Sog X                                "    < 

Aluminum ttslluride Al2To> x                              ' -~="" 

Anthracene (Kodak) c6^Ccu)2o#r4 . X 

Antbraoöne (Röilly)   = Ö^4tc"!>2°6H4 X              j 

Anlh^agaiftono 06"A,(C0)206li4 X   '                    '   -\              *'; 

Antimony motal Sb                  , 
:     x " 

Antimony trlsuirido 3b2S3 
<> 

X 

Aursmlno 0 X               ,; 

: larium aalonlte . BaSeOj, . x=                          :-   :: 

| Barium te^uritf BaTeCte. x                        •   •    '; 

Barium "t&tanate »  -                      : 

, Benaidino (mZQ&02. x  ."-.. ;:, 

Bismuth metal - Bi  . ' -       \    . v 
Bismuth« triaulfidQ ^2%. x               _= _ 

Boron= B \ **  -', 

Boulanzorito. Pb?Sb2S6 

Bournpnita PbGuSbS3 

„_^~_ — „,,„,-,.,„   „...r ,            ,      ' , 

iESTRICTEP 

BATTEuUC MJEMQRIAS.  INSTITUTE 
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> 

-#«'- 

-If! 

* 

Material 

Brilliant groon 

Ceding um aolsnido 

Cadmium ßulphldo 

Cüdmliun töllurido 

Calolum flöürido 

Calolum ßolonido 

Calcium tunßatato 

Corium tüngstatQ 

Shryoono 

Crystal violet 

Gupric oxido 

Ouproufl lodiäo 

3ÄPL3 H2» Oontinuod 
RESTRICTED 

Statut)   = 
Chemical Formula Qrdöred lecolyed Tgated 

X    • 

Cd£o X 

C4S X 

CdTo X 

GaF* 
-   ._---: - x    __ 

,   x 

•CQWO^ 

Co(tHfy)2 

G3.8H12 X 

Guprouö oxldo Cu20 = 

: Cuprous oolönidö CU2S0 
=    c                     -         ."; 

Dipftenylamlnö' 1    /(ctfi^Nir 
"•-'           *        ••" ; 

Diphonyloarbazldo fOÖB-5NH«SH)aOO. .   =    x 
Diphonylono oxldo '-•Jfc^hp      , X : ' 

Erythroain B 
:*'•*>     x 

Fluoranthreno Pl5H10 V X    -"•=      ; 

_#T »NMV*   VtiW - -     n/1-l.i-..ßJ-U.sft/H.j.    . _ _ r ....       Y • --• -:• 

-   Fluoresoont 2205^ 
= 

X 

\   Fluorescent 2210« V tfb 
\ 

•- 

R5SSTRICTP 

BATTELLE  KiEfoORlAL.  INSTITUTE 

wira1? ^#Wf«ÄV&«^-^^ 



^v 

f\ 3> 

£==- 

»"•"^J 

•: r*  s 

£ X 

« v-1 

>, w 
- ••<•„ i 

•3,  -'t 

*4S 

Matorial 

Iron. aolon-ide 

Jamaonlto 

Lead Ghromato 

Load- solenldo 

Load sulf Ido- 

Lead telluridQ 

Lithium selenido 

Magnesium selonite 

Magnesium titanate 

-Malachite ,gro6ii 

Morourle iodide 

Methyl violet 

Molybdenum disulfldo 

IA5LE nr^k    Goutln^-d RESTRICTED 

igtatu^,, ,T 
Chemical Formula      (adored Itooolvod Tooted 

«*m*. «••MHiiW»! •->.•*•'",'••? 

Fluorescent 22154* 

Fluorescent 2220 » 

Fluorescent 2225» '  - - 

v u, en a ins 

Germanium Go  - 

Indium sulfldo InoS-a 

Indium stflf ido 
,(sulfur added) In2S3(S) 

Ind„ium seiqnldö In^Se*. 

FoSe^ 

?b2sb2s5 

PbGrO/ 

PbSo 

Pb& 

FbTe = 

Ll«Se 

HgSoO 
3 

Htffc 

MoS«- X 

X 

X 

X 

X 

X 

X 

X 

X 

RESTRICTED 

QATTgUL& MEMORIAL  INSTtTUTE 

, V3 "-*V' «*sm^l«^^i3^»5f^Ä^S^^»S5^ '^^•"Wwrffr^y^g*0*^ ^3tf*^Sg»" 
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•-<U 

* 

üUfflSB "32. " Continual 
RESTRICTED 

Material Chemical Formula 
StjvbUjL    ._.,,      , . -, 

Ordered Rocoivod Tonted^ 

:   Napt&alanp CioH6(S03H)2 X 

Witrophon&l H0»CÖi4'NG2 X   . 

„; Nickel Rubeanate = "X 

Phonaivthrono (G#4GH)2 X 

Pinaoy&nol •= .-      -                          -. 

FhenosaCratti'no" -    • 

Pinavcrldpo 

:   Potassium uroMde KBX X 

Potassium.. ohlorido KOI X. 

Potassium lpdidjä KI " 

Potassium 
e 

X 

Miokoicdithlpoxylato X 

Phosphoreaaqnt 2304y , < x 
Phosphorpoosnt 2310* /---"    "               X 

Phppphorqsaont 2330* - c;           •"- x 

;-" Phosphorescent 24&9W X 

.   Potassium aolonato K2SP04 X 

Pyronp °6H10 X 

Pyroßallo© .(CH3.0).2^3«öH 

s    Quinono _GH(0H2)3C0.C0 -    ,           .       _      -   ' . 

- .  Rhpdamlne B = . X   '= 

Rhpdomino &5 ." -"' x 
*   •   *   *   »-        ••»«>»<»»»•»!-*»*•» *>    »   * *    v •• «    «<*  •    »   * -*J«<*«W *»»•»•   *jn   #•*•*  I- 

RESTRICtED 

BATTEÜ-E  MEMORIAL  INSTITUTE 
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Material 

Selenium 

Selenium sulphide 

Selonium- totrabromido. 

Sllieon=dioxide 

Silver broraido 

Silver bromide = 
(thallium added) 

Siivor chloride 

Silver oxide 

Silver sulfide 

Siivor thioantimohito 

Silver, thioareönito 

StepHanite = 

Sodium chloride 

Sodium iodiao 

Strontium, Qolonido, 

Sulphur 

Sulphur anthraqono 

Tartario acid 

Tellur Ivan" totrabromido 

Tellurium totraohloride 

Tellurium tatrcdodlde 

-lMd- 
SADtLS 22.    O'^tUuod 

Chemioal Formula 

So; 

SqS 

SoBt. 

SiOg 

AßBr 

AcBr(th) 

AGQ1 

Aß20      : . 

RESTRICTED 

Statue 

t » » «•«*: ,    -W   *       •"   f     1 

wegö 

iKwtwjmUM»"»•-!•-*•   *   «(    #->*• * 

AC3S0S3 

Aß3Afl83 ., 

Ag5SbS4 

Wool 

WToI 

SrSo   - "' 

3 

(CII0H002H)2 

ToBr, 
ft 

T0IA 

Ordered Received Tested 

X 

X 

X 

X 

X 

X 

X 

X 

1  *• -•»—« 

• X 

X    " 

X 

RESTRICTED 

eATTES-UE MEMORIAL  INSTITUTS. 
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HP- 

TAJ'LE r-f,    C^tinuetl 
RE3TRICT.ED 

Matarial Chomioal Formula 
rttotua... 

Ordered Koeeitfod Tested 

Thd'llous aulfldo. TigS . X 

Tin BÜlphido Site .X » 

L=   Titanium cxido + 
barium tltunato TiCfe + BaTiC^ '    3?   \; 

•   Titanium oxide + = 
magnoolum tiiianato Ti02 * MgTi03 

- 
X 

Titanium oxido* + 
sine titfansto T102+ ZnTi03 **      ~~ 

,   Trp.phonylmQ'bhana (OjjHg^üH -    - ""Xs 

Tungoton trioxide ^ 

Vanadium: ponioxid© 

Zinc                  .  -     _ Ztv 

Zino beryllium ailicato ZnBoSiO^ - _ 

Zinö orthosilioate ZngSiO^ 

;Zin$ oxido mo X 
i 

:   Zino sMioato- 2ZnOSi02H20 - - "  x 
Zino sulphide zns •  --.. -'  A : 

. Zlno titanate ~ ~       ; 
=    M'iO// 

r x - = 
Zirconium oxido Z?Ö2    , X    - 

- MimMMni m   t .»yiiiii» tnwiMi w.- >•*»»'•  »   •-WIUMIH*«!   » p^rrrssrssr^^rs^rr- rZZZTTZZ »•   1*   4*j**t*    •   — •• — 

*> - Broouröd from the How Joraoy^Zino Company, 

• '• 

UESTRJOTED 

BATTSUUE;  MKMORlAU  INSTITUtE 

«e^jc>*'«s«r»si«s.ÄSr^'-t" 
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3?ABX,E S3.    MtfMRtAIS TESTED FOH rHÖSOcüiJmc^lMr 

^l-üRinri! 

Jfetojrip^, 

Acenapthoa© 

Acridino 

. Alßainuä örido, 

AnthrftQöaö lEodök) 

Aniteracenö (BölLly) 

Antimony ftet&l. • = 

Antiööny trfcoulf ide 

, Aur*niin© 0, 

Bariura Wllurite 

:  Barium titnftato 

\ Ben^cLltfe 

BiiimxtjsinMal.. 

Brilliant pxQQfr ° 

öalo lAÄ-Ciö^idQ 

* Calcium 8olQs4de 

öhryäeae 

c Öupric oxlde 

Öiphenylamlno .-- . < 

/ pipbfoj^cOTFbafc£äo 

. I)|p&@ny;lono» ,oxid« 

•Erjrtj&rojin- B. 

?lifor&ntfe»jex\0, 

SUuörone 

e   fluorfltymt £80$** 

{J^i/ciöl v$u*r^Q £h$^oond! *ot ivo* 
HIJIIIH »TOWbw«»*HT«W CT IWlWW^BHIfWIJjtUtll 

Very largo Too (b) 

„ kar^o JTo 

-iTono - 

Hodina 

L«fßo 

Tön C - 

TfittL   ( 

tfono 

Sinai 1 Yea (?) 

Hono iw 

.. Hbrio *»   - 

Small Ho 

£aj?ge &S (H> 

Ifono .. m 

ifono ; "_ =» 

JJoAo ". 

Ifono -. 

Largo- THp 1?) 

WÄ. i 
•M 

Hono- 

Hon a 

Largo 

Hone 

Hono 

Ho 

xia 

mil J....Mim.>-.j,11 ,„,,,. 

ReaarJwj 

Slew di<c^' of ebar/*o in dactaws« 

Ba«id tlac&y of Oharßo in dfvrtöioao 

"Äsfcswftly slow do cay = of char go in darknc.s* 

Jbcfcronoly olow- doaay of ehargo in darkaao* 

«xpiii^qM 

r 

*&3&**m~*f*ttr*- -*-=-• 
'.« ->-,'<sS> i^4»- 

*• rwwwuwi)^, ""^liirtM^WWUt'ttiliiiii^^ 
*l»8M%^WfewTO#^^ 
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EABLK t?3,    qontl:mnft 

HESS3ICÜPI& 
•^••tji- 

KaterieS JafttGl .Qhegfift Fhoto -üsnducfriyo* Ttomrartra 

ffluorooceftt 2Hitr* HöHö 

yiuoyooc.en* 22ig** Höno 

Pluoyoocent 2220** Honö 

yiuorooceirt 2225** Hone 

Xron |elonido ITOJIO 

I<cad e&roraate llöno 

load oolonldo 

MtM&n sölönido Ilona 

=lteßnooi\urt tltanatü Sffioll 

Mh{jn~qfli>un selonlt© Ihno 

Malöo&ifeo grooß; l'ono 

Methyl vlolbt Höno 

Hnttthalcna ii^ge 

Siolcoliodi^hloöxäalats ttoiio. 

O-lUtronKpnöi             l l'Is&ivsrt. 

?^Httr^h9no-I"     , -   CWVkMtnrH 

xjfcitQl rube.aaa,to . ••ftsa© 
= 

Fho,ßOßftfilänitt0 Ho no 

^hsepliöröooönt 031©** Hone 

I^öi^hdreaewt^^** . HOJIQ, 

Hone. - 

Potassium «Brosiiiae- Hono - 

Potassium obärosrldö; Hon© : 

Bo tno oiujä BOlQÄftte Hwrto 

Ho 

Ho 

Hü 

ITö 

ABaEitiessp. 

JWmWWWg« «W »»«•a<^^-a»Jy>iiWii.ai!«»=gs^»><»g**' wsj»«se-s- "y-^gftitei^ 



-l'PJb- JTSERXCWrcD 

iasi>s ej.    QonfSnu.td 

'T1* :1-" 

Material Jri*t^al "Cknr?w Pho/toc^i'.-1 t'e tiv»*' Jtemarks 

Hone 

Wodlxw 

Hone 

ftono 

Hono 

Ihm 

'ft' >hO 

Hone 

ITouc 

llano   = 

Hone 

lltmb 

I?0 

Yi-^s d) 

l'yrenö 

"Hhbdara^o B.   " 

Solon^m 

Solöniva tQtrahroraide; 

'Silver chloride 

Tellurium totrabrora1 do 

Tellurium to traohlorido 

f e-Xluriua tatrariö&i&a 

ziito horylliuie aAlloäto 

Zinc o^iide 

Zinc atilcate 

Sine oulfido< 

Zlfto t'ltanatpe 

Zirconium .oxido 

«Oftf     tPlia teat method, for all natoriala oxoo-pt "bnriwn tltanate,, mnflhonium titannto, and.sino titanaie, VJM aq 
tfollovra!    Breafcup the material u fling amor tar and -noßtlo; nrfraod a tWft lnjr»s* of the» nat^rial onto a ra«ti»l plato; 
PassR tho coatedplato Under a corana dioohnrga; place the charged plato near an electro at&t le electromotor}* rooord 
initial charge and fche rate of decay of this o'hargo whon the platö ia in darknaao and when, the «lato ie espiOBcd to 
»white light,    (for the method uood in touHng tarium tlianate, magöööium titanato, raid sine tit&nate, ooe Progroflo 
-Report Ho. 1„ page 29.) 

* ü fhö nw'bore appö&rlng in thi-i column shev roughly how tho materials- «hieb ssehihited uhotoconductivity ran!t 
with fcne another, aolonlum osthlMtod the moat photooenducltivAtyj dhryaono exhibited tho leaat.  - 

Yco (3) 

lTcne.: 

** £rooured from the. Now Joröoy Zinc Company. 

RlgSftSogED 
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•(p V 

BBSüjaiOffiSD .«lUfr* 

oproad a thin Inyer of tho material onto a notal plato; paop tho eoatod 

plato nndor a corona diocharga) plapo th& fihcr.ge4 plat§ noa? as olcic-trs"" 

Gtr.tlc olootrohotor;record tho initial qharfip and tho rato of doeay of thin 

Oirörfiö TOTI tho plato is in darknooo and v/hont tho plato is oxpoood to a 

vhitc light (a ITo. 2 photofiood, 6 inchoo frön tho plate),    (g) Oortprooo 

tho nr.torlal to a thin disci lire; ovaporato or spray a conductive ooating 

en ono oidp;  oonoitlzp., record lnHinl ehargo, and nonouro ratoo of-ehargo 

döcny no ocft forth in (l) nbovo. 5 

aXBSMUHIgMi -/QIIX ON gLAgg PftBEAaAEIOM" BY 
' VACUUM EVAPOSAglOIT 

3?ho ohjöot of thia work io to dotornino tho factors in tho 

preparation of platon_ v/hi-ph offoot tho characteristics of platoo to any 

intpoptant oxtont.   3oth tho oloctricai oharactorioticß and tho inago 

repreducing ribill^r aro "being studied,    tn ordor of. inportanco, tho follow?   , 

ing=factpro aro to iö invoötigatod:    (l) cleaning wo.thod preparatory, to 

evaporation, (a) toripöoratviro V pinto during e|id of tor evaporation, (3) 

thickness of solonluiA, ond (%) pressure during ovaporation. 

Factors oüch aö plato natcrlai, prosonco of oxide or othor fllusf 

oithor conducting or aoniconductiog, 'botwoon Hiho "base not«! and tho 

ooloniurt,, rato of ovaporation.,. twd othor0 will "bp investigated as tino 

pornite or nood dictates* . ' 

Preparatory to carrying out this plan, tho ojuootion of plato 

ourfaco quality was invostigatod,    Certain necessary inprovonon.ts in tho 

vacuurt ap'^tratus havo *booh planned and othor oontortplatod. (Soo Appendix $?.) 

jtHaqgapgEBD; 
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"OTf- HE3(nu:05f3D 

ßlopnin/; Proccadvmo Fr>ffingatory fcfl ThrAporation 

Tho cleaning procedure whooo final stop* oonoißto of a dcgroaaing. 

in ooftnorcial~grndo iaoprqpyl alcohol vapor vao tried ou-t bccauao of tho 

Buccooo vith which thin nothod hao "boon uecd in other olnilar applicationa« 

She prolininary otopa aro a thorough waph "by hand with soap or dotorgont 

and water, followod by cleaning with wethyl alcohol   or acotono on a clean 

cloth.    If tho platod aro fairly cloan to start with» tho soap and wator 

: otop »ay bo eliminated.   Evo. features of this vapor cleaning aro (l) that 

an the vapor aondönsöts on imo cölw platö, it pro&ucüö ä cloan, pnrtiqlo- 

fr.co liquid which waehoa dirt   and dupt off tho piato and (s) that tho 

vapor will not bocomo contaminated with ßroacioo^ cte«.   flihiö rsathod M? "boon 

used cuccOßEsfully to proparo tho baco latorinl for evaporation and hao 

ölln-ihatbd tho occurrence of Water or alcohol drop särKö and älpdn'ifig 

atrooks.    An pxaHplp of a ploto not cloanod by tho dogroasing raothod wliloh 

oxhiblto alcohol drop narko mxoh in evidence ia ohowh, in Figure 3H»   A 

aogröaböf «as boon «oHötructod A/hi oh will toko ä plate 10" x. IS" (oop 

Figaro 35).        *  ' = 

fhp ftornal boiling point of isopropyl alcohol io Ög*360.    Qonoos» 

, iguontly,, if & «orogrophle plato io irariprijod in this vapor for several 

ninutoa Clöngör doponding on tho opoeifio heat and\naoo of tho backing 

nntori&l'/ it can ho nado to loco ito photoconductivo property ao it changes 

to tho gray cryataHino fern«.   Honoo» finished xerographic platoB cannot 

bo cloanod by dogrpaoing with this vapory but a lower boiling ppin.t MqUid: 

Slight bo us<tö auocöocfülly. \~ -       ;    > • 

PESffiRIOSED 
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: r 59995 
po 3H.   Photograph öf xorosrashio print ohowlnä söot Phonograph öf xerographic print showing #öte 

on "print rppultingfroa». aioohol irb^s ön plsto 
after olpaninf "befpra pvap&raiyLhg thp selonim 
£i3is ontö  thp pAäso aurfacb»    Soveral of the 
m'afcleo arp Andibated lay arrow«   fho plato vao 
olopÄbd V hand and not vapöi? dogroaböd» IU2SÖRI02ED 

&&»>*vt*m'<*"**-* « » >«yM^i^«^'*g^<g^«w««^i<w<wp«;^wyWB^^ •-• 



-149. RESTRICTED 

WATER COOLING COILS 

ELEGTRJGÄL 
HOTPLATE 

JP* 

FIGURE  35. DEGREÄSING  TANK   FOR GLEAMING  XEROGRAPHIC 

PLATES BEFORE  EVAPORATION, 

o-rofes© 

RE.^TfilGTED 
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""150- SfflgBlCBBD 

ffp:i%orr.turo Control..of ffl-fitf"? _3uria$ B^^norat'on 

fhöuyh no cold trapping io in uno no yot on the oyctonf prolialnsssy 

tosto Woyo fwido on »rin tr.ini. yg tho pinto bolow roon torpor nturo during 

evaporation. Ehe plates were «Iftfjped rt U polnto to a nlaton hn.vinfj pool» 

in# «oilö pnricing through 14«    Tho ton^craturoo recorded In Ehblo $4-   wo 

thoöo of tho coolant lorvlng tho platen -and not, of the pinto itoolf»    Son© 

of thooo pltttoo woro also nr.de in newly total darlcnooo.    lablä gU lioto 

tho cooled pi^toe «ode in thio florae a.    As is to be oxg&stjSd, tho cooler 

tho pÄs*^ ^ i-Mcte*? tho ocloniu» filn ia for givon conditriono of firing 

distnnco and weight öf chsrge.   All of tho platen maintained at or noar 

roort tonporaturo during evaporation have a bluioh (gray cnot|  i»o., tho 

surface ocattorp light rather than reflecting it jocularly,    ffihio oftat is 

.different f*ös the strong grny soattoring which ono öööö fro« cryatnllino 

nölonivja.    fhoco cosled plntoo er/o nhofcoeonductivoj acting nuoh jfiö the 

unooolod platco do ao far ao ndking lino copy and continuous-tono 

roproductiona aro concerned.    Ehoro aro, however, two features about tho 

electrical charncteriotico that chöuld bo noted*   Whpn tho plateo aro 

ttodöratcly cooled and^proparod in near-tot»*.! darkno0flf: thoy-tako a jnuch 

lower pooittvo voltage than unooolod platoo do..   Aloo^ thoy have practically 

zoro roBidual charge ^aftor 1 ninuto of light docny toot.   Whothor thio la 

primarily & function of tho tonnsrntv»« '0* the lack of light"(a fatigue 

offoct) "or both hao not boon ascertained1.    ^oKa»«« to tho ^gggg   ,      .-_ _ , 

prooon^öd in an onrliw part of thio sopoiv s&ggsato that •i§ öi£öot iö :. 

to bo oxpootod, howovor«   Boubt concerning tho opooifie roles played by 

tprTporcvturo and light during tho preparation of tho plate prevent« an 

I 
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aceurato interpretation of thcs»* rem&tö on the bagis- of tho theory at the 

present tine«    St..'i"ä sua-ts cted, howovsr., that difference» In the relative 

ability of pxcitod electrons mid positive "holes" to novo fron their 

; nelocular öonfineraojvfc vill bo involved In tho explanation. 

Plates -Prepared In. BaelsiODg 

£t- the suggestiOÄ of tho Dignal Corps roprooentatlvoj several   = 

oxpcriticnta wore conducted whoreir. plate ji wore prepared by vncuura ovapera* 

tion in total darkness and &*st in dnrlmanß until the light decay curves 

for negative voltage were run.    Jhooo tests v/oro conducted in coajuneVon 

with tho touts On pinto preparnti, on at reduced terrfwEtg-tuj-oB»   Sobultd 01 

these teste aro tabulated in ffablo.?U»    Ao stated in tho above section 

On "ffümjoraturo Control of the Plato During Svaperat'en", tho notablo 

points aro tho low value; for tno positive charging, voltage and the low   . 

Value of tho positive ropldual charge.    :, 

I»nQrtanQQ .of Surf aeo Quality 

SJe1 investigate tho offootof tho hasp natorial surface quality on 

the grain in continuous-tone inagos and tha bacKground is lino copy 

reproductions, oovoral plates wore prepared on plato glaoa and oovöral on 

laotal surfaces ef high, polish»   Ehe oiao of the BO plate s was. U,,: x 5"». 

jlato glass was selected a8 having a higher degrco of purfaeo snoothnoeo 

than 6ny other surface available«   jEhin brass plates, having.a v ory high 

surface polish v/oro choeen as, having a surface quality intomodiato bötv/oön' 

tho glaas and tho connonls? usod nirror~fJnioh aluninun shoot. 

BATTELLft MEMORJAt,  INSTITUTE &: 
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To -nuovido a GOnduötiag ourfrco on the glroo, but «ti.ll not inpr.lr 

tho polity of the ourfaco Cprcouwably) ,. a .   .« of oluninun wao ovaporntod   = 

onto tho fflnßo.   ffor aoMO ©f tho o?iociviono, tho aluninun and süloniusa 

filräo wore dopocited In tho none evacuation*   lb* other, tho aiuninun film 

v/na proparod bofoyohand.   There wo-a nuch bat-tor adhooion ^ctwooiL tho" 

solcniur. and tho alunf;nu& filnä vhon they wars ^vcparcd in. tho oano 

evacuation.    2ho nlttnlnun filno ranged in. thickness fron röproxiöntoly 

20 por cont tsanonitting to practically opaciuo dcoo than 0,1 por cont 

transmitting),   Haithor tho tino of preparation of tho aluninun nor- its. 

thlcknego oeon to hr.vc any influonco on the equality of images thp plate 

will take tab long ao tho aluninun io thick enough to be conducting).    Gno 

filri of niahror.io was uood CD tho conducting layer; it worked nö well wo 

olunlnuEU 

tfhp pollohod plafcoo of brano aloo have an oluwinun filn evaporated, 

on bofpro tho ooloniufaf    2Mo lo also truo of two rogular rairror-finißh 

alliininün platod.    ffiho akotch of figure *}6 ohowg the relative po^itiono     , 

of tho cylUrainun sourcoot oclöniun oourco and receiving eurfacpo»   Ifiguro 

%6 also phows the -roifcoaao nodnnion^uood to shield a portion of ono ond of 

tho glaee plates fron tho seloniun eo a? to allow waking electrical oontaqt 

to tho conducting Isyor during charging..   It ie operated by noann of a 

: wognot frojtt outside tho boll jar after tho aluninun hao boon dopocitod» 

Tiguro 37 ohpwfl a conporioon of tho ötandard r.tlrtor^f inioh o 

aluflinun and a glaoo-boekod plato fron tho standpoint of powdore, both 

«ösitivp and nogative- which adhoro to tho Plato in both oxpoood and 

unoxpoppd portions.    tfor both positive and negative powders, tho aluminum 

B^TTELLE  MEMOR»AU SNSTITÜTE 
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PUMP 

X; 

MAGNET 

[RON  BL0ÜK 

CAT0M       ' 

-COUNTER- 
WEICHT 

'•* SHIELD ; 

-SELENIUM 
EVAPORATOR 

• ALUMiNUM 
SOURCE 

12) = - 

FIGURE 36, SCHIMATJG  VIEW  OF  SET-UP FOR APPLYING 
ALUMINUM  AND SELENIUM FILMS IN  ONE 
EVACUATION   SHOWING  SHUTTER ARRANGE- 
MENT TO SHIELD  PORTION OF PLATE FROM: 
SELENIUM. ; , 

RESTRICTED 
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Ssgpoaed 

Unoxnoood 

Ne;g. = Qhm?e6 

fiEKSSl^jA^Si 

•EM 

£oo« Oharg# 

iEbcppoad 

Unoxpoood 

lljIMPUl Ml 

tüsäauass 

Nog„ GnargQ 

figure 37'.   Ooa^arioon of 'baclss'rouÄdo on nlaroln'ujn 
1 aäd 'ß3idoö-1)acKo.ä'.^lat.O£L.: 

Pöoitlvd. and negativ© ohargingjexposed 
and "undxpooed portionö. 

RESTRICTED 
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plato hao connidc*-'bio powder r.dhoring in tho unopposed portiono, indiont- 

. ing «any onn.ll diaeontimii'ttoo In tho aurfnco»    On tho othor hand, for tho 

/»läse plrto "ith rsonitivo chrvrßinr;,  no powder Gdhcros o::copt alenß tho odgo 

octwoon tho ojcpoobd Mid Awvpxponod 'rcglono—apparently tho only placo whom 

ft ehargo discontinuity an^nTa for tho positive -lov/dor«.   SOT the negative 

; ^»öwdor, tho situation to entirely different for ffio £lftB.o-backod pinto. 

Hofe eonnidorablp xjowdor adhoroß "both in tho osrionod and tho unoxposod 

aroaa» . -- 

In £ai^*.T;Vi *he contrast on tho ginoo-baokud platoo nro vory gooö 

for positive charging, but iov/ for nogativu.    She few, oxcoptiono to this 

aro "unoccpiftinod.    2ho orckground on tho glaoa •nlatoo iq noro uniforn and 

honpgpneoüg, thnn for tho ftluninunj ft diroot r;oult of qcratchoa mid roll 

riarko in tho alusir.uEU    She noliähod braoo uioo gnvo. noro uniforn back- 

ground thm tho aluninu."..    2?hsro \ma apparently no öffoot, of tho alUninüiä 

f iln övnpörr.ted on tho ali|Mnun, 

flhooo plftti'.o otill nuot bo tooted for electrical .charaotsri&ticfl. 

Oöntlnuoug-tonö pictures nevdo with gla&o platoa do not, howovdr, ohow 

riuch IOBQ grainiriopc than tho nirror-f lnioh alv«inun, proving again that 

all grain io not duo to tho ourfaco oharaotorie&ieo öf tho aluflinün or 

ooieniuw.    Sop Inblo gg for tho tot ft on tho preparation, of gl-ft§fl«Daekod 

8»    •-':-.. 

Uoaouronont of Shlokno'nn of Coating :
: 

Sineo tho nvithod usod to date to noaawo tho thicknoso of tho 

ooionJun filnio dopondo upon tho UBO of a relatively thick conducting 
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bncldnß natorlfO.*    Sho rlmvJni«cd ^lnoa piston of ccrpo do not provide thlo| 

00 another nothod vmö unocL    It conoiotn of uoiüß mi optical flat lrid 

Äoroßo tho edßö of tho ooloniun filn oo r,|v to for« Interference fringe o on 

the Wo aluninun portion as ohovm. in Piguro 3C.    3y counting tiiö fringoö 

With tho aid of a vertically lll&nlnatinß n$croflcopo, tho ooloniun layor 

was found to "bo   approximately lg rvierQuu thi«?.    Thiei is within tho rnnfio 

that wao oxtjootod, judging fron the an«««* of charge and diotanco "bo-twoon 

^TOTOU and pinto*    5ho vlclbili^y of" the frin^oß fron the highly rö&Löcting 

oluninun ourfneo is enhanced when tho lovor imrfaco of tho toot jjlä.o& hac ft 

oonitroftopnront roflooting ftln on it. 

SvESr/HL^^L, TASK 01? D3\pLQPi;<& SSSlETICjySS 

Uäo Of a Grounded ArodllaryBloctrodiS Purlin PovolOutran! 

An auxiliaryt grbundod electrode wao placed noar tho ourfaco of an 

oloet'^ophotonrftphio plate during dovclopneht.    5Jho opacing botuoan oloctrodo 

and plate wa» Varied„fyon l/.l6 inch .  to 7/16 inch, .< 

(Dho electrode consisted of flat shoot natal which wad drilled and 

tapped for four adjustable throws. Earing doval.op«ent.,. thoso oerowo wore 

in contact with thö oloetrophotößraphle plate and offeated tho plate to 

OlSotrO&Q  öo£3ar«tlvn« . 

3?ho ijeloniun plaiöf lÖ-Sf^ET-Ä, wae oonoitisod "by negative corona,, 

oxpbpod to b. cofttlmi,ouB-tono, pocitive tranopafonoy .and then developed . 

with and without tho auxiliary eiootrodo uaing dovolöpor b'-SBrUSKL'-A* * 

*   Eypo Ho. S glaoo °boad.s (eoatod with Durito X-221, Euroz 12763, and 
Vlhylito VHiF) as carrier with, powder 01- (20 part G-iloon-ito to 1 part 
!l~Tw7r "=-*nd <z"«*on M—i»-^ -—»fht, microni'sod}« ffiES!@ffi03j3a 
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ÜTiguro 33 ühvS?s & photo^^nicf print öi the göntinüöu^'tono imgo uooa In 

thin "ork.    Who rowltB, Piguroo Uo md Hi., ohow r-n inprovcnani in quality 

of oorttinuouo"tonvO reproduction with tho uoo of the grounded olootrodo» 

It vmo found that the naount of rjevrdor dopooltod on th» inoßo wap 

apnroxirmtoly invoroaly proportional to tho plfttö^oioctrodo =oopnratlon 

{i«-c• tho ortallor tho napcirfttier» the §r£-ntsr tho ©.mount of powd'or 

deposited),   Sho inrarovenont* in »«suits are ftolicvod duo to an intonsifica-- 

tfi-pn of tho oloctrlc&l fioM Inmodiatoly pboYo tho pl&tp "by tho presence     , 

of the sloctrodo.   Without tho olootrodo, the electrical field Jnnodiatoly 

above tho pinto in weak ox^opt «oar thö lino of donaf oat ion jbotwoqn 

charged and uncharged aroao.    As a roouli, thoro io littlo attraction for 

dovolöpor powdor o::copt around tho edgco^ of inngo areao«    frith tho olootrodo 

in place, however, thoro oslöto a fauch atrongör fiold itar.io,dicvtoiy ahovo tho 

pinto and hofroo develQiD r pöwdor will ho «pro ötrongly attracted to tho 

plate.    In thooo oayly ö2?porlmonto, tho auxiliary olpetrodo was hold at 

isoro or ground potential,, however, $ho a&juptnoni of thio potential to 

other vdluoq io oontonplatpd.        "., . 

spropninf; of Inago in Continuouc-flono floproductlon 

A   XSKXLino half-tone transparency of uniform dot aroa was prepared 

for uoo in an attempt to inprovo tho quality of opntinuoufl**tono roproduo-' 

tion.    fiho prepared half'-tona transparency was 75 3?ör oont epaquo.    A 

charged electrophotographic plato was oxposöd separately to a centlnuous- 

tono, ppaltivo transparency and to thio screen transparency»    2?his 

procoduro sorvod to "break up tho l£rgo oloctrionlly charged areas on tho 

Iü3gÜ!RI05SD 
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pu/vfeo into «eay cnrll chn.jf/iod areas ß»d to "bring iiito plry tho c&oatricnl 

phanöT-iyao» «high produce   dcnno iwvß.'-s n^*r thfi od'go of ohftrßod are»«» 

Figaroo UO end \z ohow tho r-oaulta produced with md without tho oö^aouihö 

; oxnosuro operation.   The screening improves tho ronroduatioa of gradations 
1 of tonoo., hut v& leant in thoso esanplss, it doc« net produco donso ohadowa. 

HLoctröphotößT^ahic pinto 10-27-iH3~A4 dovolo^or S-^-^l^A, and a 

; t5 P^r oont opaquo.lEO-lino half-tono traaapr-roney wr.o uood in this wer«, 

ffihö osspoowo tl«o uuöd £ 04' each of tho two eqjarato o^esuroß wäö 

nwröxinrvtoly ono-holf of ^Ka no^nal oxpoouro tino or 5/8 oeoönd   at JÖ 

"TOltß. ' 

WISH ¥l354glja ^RQajr,mi6£gaL^2ga '- ' 

A. ?.s£iag of exploratory toato wore ;mdo to deljsrr.ino tho rooistivity 

Of goloaiun Mndoro uainp tho vibrating proho oloctronotor (ooo,Appendix 

vj). . •     .      •' ';.'•• 

Sitonniv*; toato woro nevdo on onlyomf.of tho hindoru, nanoly, 

öfhyl coll\\loao*j end tho rooults sf thane toato only will ho prooontod 

horo» 

$ho othyl oollnlooo coated to 21 Microns thioknooo on on rl\shi?«in 

plato van charged hy o:?5oouro to a noodle charged to 70°0 volte for two 

ooconda ßt a noodlo-to^lato. distance of apnroxiitotoiy 6 inn,    Iho charged 

noodlo waa fiseod at ßjxsßition diroc.tly aüovo tho eo.ntor of tho toot aroa 

of tho pinto. . 

*   fho Kiatöyicü usod wao "Bthocol", Bow ohorucal Oöäp&ny, 
1ÖS3M0SED 
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"V is 

Mguro US«    Oontinusua^tono inaßo psoducocl wKjm 
tlio oloötroi5hatq;ßrc,phi(3 jCtcte was  ; 
ascpQood ooparatoljr to a cojttln\xoüB=ton,c, 
poaitivo traftopweonoy and a 75 par coat 
opaque- haif-tofctf tynnowaronc^'»   Plato 
10~ä7-HS-A,;-and dovolopor *H&*tyfeaA w&o 

, ' . ugod-with ftößativö.-öcuaittaat^on to-noko 
thio print.    3?ho" separate -expo gyro titles 
wore- 5/8 ooeond   at 70 volt'o» 

stesrauMB 

l:_,_ft-% .^^f^SSa*^^ CÄSfro*-""1-' 
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Öireotly &£%£•¥ ths chrrßtnr; oparntion, the pltto wao hröu&ht ifcto 

tont poöition and tho völt^o indueod in tho vi"b?&tiiiß preise t>y tho charged 

; plnto v.& tviplif iod and viewed ori tho ccroon otf a eatho&o r.«y oscilloscope» 

In order" to incror.oo the necuräcy of tho pir.ta-voiinga noacuronent nä it 

vjplod with tino, ft nill Toothed was ucod whcroin n lcnptm yoltf»ßo o? sßpe 

polnrity wio applied to tho uhiold of tho pvoTjq until tho not veliägs 

indvkjod in tho prC&ß w&o xaro no indicatod hy tho pr.tto?n on tho ooolllo- 

öcbpo,öcroon*J 

Sovoral tuest run? vsro Tip.dc on tho str^l 6&lla.lon& SfsTplo at 

^ntaryalo of ftn^rsr.i'^tcly lg n-i-nutoa and each run wra characterized "by a 

dcöroaoa in 4ioohasgO fp.fcoo^or the pgovieuä fwu 

Vhon aoßKtivoly chas&cd,  tho pl-.tä dißchMjgpd noja njav/*_y thftn 

vbon poaitlvoly ehwßod"; howövor, a ouffiolunt nuribar of Qt?positoly «barged 

plates n&vo not hoon tooted to dct;rnino tho oißnificanco of thio o'bgorva- 

tlon« 

A tynical dioehevrßo c«?Vo io oho shown lift..H-gayo N-3» 

On tho aaouwptlon that Olvy'.o law applloo, tho current that flows 

hotwoon two poiato of tho eon&ücto? at r. potential dlfforonco V ig glvpn 

: hy i -R ^ ä || | whoro Q5 io tho quantity of ohargo flowing through unit 

o^oao «section.   But 52t s -ää;. whoro -äS is tho XOOB of charge per unit aroa 
dt       dt ..,       "- dt - 

ct. tho oürfftqo of tho ethyl cellulose.    IHiifthor., V.« aX^Sj whoro k io thp 

dioloctric constant of tho "33thocolT% A tho area of tho ourfaco, and x the 

thic&fioas of tho oöafclagt    Since, "by dof inition, S » £J£ whero r io tho 
k .--.'•'= ^ 

^ooiotiyity v/o have finally 

117 

whoro Y0: iß tho initial voltagö. 
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,öi-neo. tho curyo in Fi^r»s *0 depart& oonßidcja'bly fron linearity, 

it io ovidssnt thnt tho noowiptiong used to r.rrlvo rfc aquation (l) aro no>t 

quite oprrocti*    HoyärihölctBO (l) can be uetid te obtain n. vf»»« of r of ts? 

order of nngaifcudo of" tho correct value» 

Fron Hguro V5» wo aoounQ a .value of 1000 YQltsl for Vo*   ^iae^ 

oinco ksg»5 to U,,0 fc? ethyl colluloöo for 6o to 1000 eyolao, the value 

k e'p weä-«hoDon* - 

"öing tiranö ifßXuos ir. cönjjunct' On with equation (l) end the data 

f-ro» Figur, e ^3* it WEB found thafe r varied toafcweon 3 x 10** ftnd 9 % XÖ1- 

ohn~c.r.i* 

s Jho ,variation of g^   v/ao pXottod ao a function of timo» and no 

ohovm in Figuro Ml-, the relation io nearly linearJ at loaot in tho initial 

^i-sgss-of disshtsege.« 

Data for tiiie -report öro rocordod in Laboratory Record $ooko: 

So. "jffifi, 
Mö. im, 
Ho.. 3®3i* 
Ho* 35|(5-, 

•He.. 305T* 
io. M, 
lb» «L, 
nb.Ofa.17, 

IT«» W, 

Sa&n-B&r 75. 
pögoo 1 - 4", 
page a =1 - =9, 
pages' 6 ^ 31». 
page o 1 -•* 1-1, 
pagoo 19'- %k,, 
pO#0B   ÜÖ  f   Pa, 
pages- 1 - lH., 
pages 1 - gfi 
pageo    1 -    \y 

inclusive» 
inciüoiVo.. 
incluüivo» 
inclusive» 
inclusive, 
inoluaivot 
inductive» 
inclusivea 
inclusivee 
inc'luoivo»; 

^sfisa/milim/jm/- JOS/OAU/ JS/ m/$Qi/m%/ JKS/KBO/KSU/ O JH/NBO/CPO ; svr 
December 2S, 1S&8 
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.^Pl'^IIpiik   11 

Ilcthoda Unod in tho ffronnrMrlon of. Üoloniufl Photonetivo ffllrus 

Prcsaration of .Saldniätei 

Solon Hin ia obtained cornorclaliy in tho following form*    (a) 

OOH refined ooloaiiw powder, consisting largoly of crystalline aoleniun 

in undotproinod quanta, tyj  (b) 33ÖQ, aoleniun (doublo dietilled in quart»;)  is 

"a ssnipuro vitroouo. öoloainn in which tho ir^uritieo vary frött 1>atch to 

batch in tho preceocingj  (c) -AHQ, ooloniun •(-nru.ionia reduced in quartz fro« 

SoOg);,    ÜJhio io oontjidorcd tho r.oot nur« öolcnlun,  although it aloo hao 

variations in inpurity cor.tbnt fror, batch to br.tch» 

-fes 

ffr'ocoBnlng- of OOR Itof inod 3olontan.    !£ho rofinod connoroial gra&e 

of aoloniun, being of oryataliino nature., pmnot "bo näad: as photoactive 

Tutorial; therefore, thio förn wao oonvortod to the vltrooua by tho follow^ 

ing pröooööing; 

1«    5JMJ re££&e£ öoloniftn io heated to & tonporaturo of 250°0»    ffiho 

molten äalsaitäa at- this tcf^oraturo has a relatively low vioooaity* 

•£:•    Tho nolton ooloniiin io shon nlbwly poured into pöld running      , 

wator„»    3?hio forma, hard spherical vitreoua ohet soolenivu> . 

3»    Ehe oolo;\i,OTA shot is than treated with potreloun other, which 

ronoyoo tho OXOQSB water ot. ill retained en isho eurf-aco of tho shot; ^n0 

floioniiw io thoft allowed to dry at. roor,t fconperaturq in on open vat. 
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5Jho aoloniun shot, obtoinod by tho obova proeaoninfi of tho rafinod 

svoloniun, w.oo oonotiriaa further procoaood for uoo In noising §0 point»    ffihio 

additional nrocoacdnc oonäiotcd of grinding.    Grinding wfts accet^slißhöd 

:with a r.ioro-^pulvoriaor, which givea a powdor with     portlelo siseg, ranging_ 

fron lnieron tö 50 nierosio. 

Prooosaing of wflJLoniug for Spraying and-Erasg-inf; .aynvliontion iiothoän. 

3?ho aolo&lun used for tho oproyinß ond crossing nothods dooo not roquiro 

a dof ini-tQ forn; thorof-öBO, the ÄB.Q, wid DDQ„cönnorcial~grodo ocloniuno can 

"bo utilized oot-lofnctorily, ao recoivod fron tho rofinory*    "She B3& and 

.tfflQ, soloniun ifl produced no vitrpouo shot, and r.ood not *oo charged fron this 

forn unlegö it in doairobla to hove it in anothor forn, or to uoo it for 

it^purity additions.    Golenlun for opr.oying o"-n hove any forn, oither 

crystalline or yitreouo, oinao tho ooianiun «unt "bo in tho nolton ötote 

for spraying.    £ho aolonivri unod for pressing alao can hove oi-thor forn 

or si-&tot Bisco the pitocsin^ io dono with hosted platona sud pressure* 

2ho for"« used noot arc s?.fcicfc ooieniury powder, end oftot*.   wo oUtain stick 

solonlm, tho solpnlur. iö hor.tod to the no!ton ^tago, oodt. in porcelain 

"boote, end theft rapidly cooled in wo tor to inhibit the for nation of 

crystalline natcrial* c 

Controlled Irtourity Additions.    To obtain ooloniun which oontoinu 

controlled anounttj of in^uritioB, it is nooosoary to process those 

Boloniuno in tho laboratory, ainoo they ore not available oonnorcially» 

Tho starting ooloniun nuo.t "bo nearly,ohonicol puro» since A2& ooloniun was 

thor only availablo aoloniun with this characteristic it woe utiliaod for 

^Inpurity addition studios.   : 'SMHOEXJD 
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Eho nddlt^.oncf in^uritloo to ooloniw. batohoa van   coirplotcd in tho 

aerio nramer] nnncly, \n) heating uoloniiAn of a prcacrihod quantity tö the 

noiton otatd,  (b) adding «ho controlled anpunt of Lnpurity whllo agitating 

tho. flolonlun"to innuro obtaining a honoganoun nrtcrial, raid (c) casting 

tho e-olssiua i&is sticks», 

-_ fflablo gß list a tho onounta mid typo a of inpuri.ty- co^arinatod 

soioniurts which have boon -nroduood» 

A >M./« .4.«./» v. *T 

flQchniquoa.Uopd An. Preparation .of Pnötöoctiv-s Ss%sal-ün PM-nts. 

Initially,, tho procedure uöod for propping ooloniun paints 

of charging very finely ground neloniun natali ofeganic bindorj. 

und solvents to a pint"or quart-sizo glase Jar, filled ßp -roxinatoly to tho 

halfway   iuvr-k with l/g-lnoh glass balls.    Glass containers nnd bollo v/oro 

. uaod in placo of tho conventional ooronic porcelain or »tool Jr.ro and hallo, 

to avoid tho possibility ox oontaninat'oji of tho paint v/ith abradod coranio 

or natal particlOÄ.    Subooquont work has shown that olthor coraniot 

porcelain» or so&ool jars and mills can bo uned without any spnargßt inpair- 

«ent of phe^oaotfsivü preporMoo of tho oolonlvra paiat. 

Also,, ao indicated abovo, tho soioniun was ground In tho dry state 

hy suitatlo töohnifLUOB., and classified "by noons of an air clasolf ior,  Into 

various porticle-sizo ranges, and tho noloniun powder, thusly ground and 

, classified.,  thon charged to tho ball nill container.,," ao dosoribod above« 

Horo, again,  euboocuönt work has shown that rolativoly largo particle- 

BIBO ooloniun pollets (l/l6 to 3/16 ino*      indianotor), when charged to 

a stool boll nill jar, filled approxinatoly l/s fall with ßtoöl balle, 
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vroightof 

polonium,   , Addition, of 
grasig- grarno    - XmuUBity Hömark-o 

3!?0 

750 

500 

500 

300 

500 

SOD 

3.5 

10 

10 

10 

5 

. 5 

5 

M •_ 

Si 

De 

0el2 

oaoig 

BiOl-j. 

OuS 

JJdSfe formalen dei-eci-M Ija reslwua. : 
Ear oßftt unJaovm. 

IPlgDoj formation -do&egtM is %Qe4iä2s&* 
Ear eont unJaiovm* 

To ontoro only as a mixture. 

Iodine vaooro relo&aod upon addition. 
^OrJaKfeiOÄ unkn«yn=- 

Perra&tlon unknown. 

= Ditto 

Some OuSo f oymod, öhaokod In EO-ßldäa« 

Porm&tlon unknown. 

""" i-«Miiim*««it»«»«, »>-<Li-m^ tacnaaatnsniCMssasgHp«—-• • M  -J-~-*» iTjaeimi •i——:—i—- 
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rigfig «i vh the crg".»ic Binder r.nd colvonto, c".n *bo reduced to sAtlafhotory 

particle slao and diüporood in the p-.int vohiclo isi:tult"noouoly»    Ehio 

l.nttar stop», if production of susl-äniu« pi/srwnted phot£-r.siiV3 pr,in£s should 

bocor.o fonoiblo, reprcoonto a rcl oeononic advantage in th/vt it olininatoß 

the nocoaaity of grinding and cl&äßifyxng oqüipnent» ns well m the tlne 

and laboir eono.unoä "by emch operr.tiona.      = '' 

Qn tho bapiö of the o»^rfeci*fcal work cosnlotod to dato.« tho 

following conventional hell r.illing technique oseög to bo th« optima 

procedure for prepaying a phetortetivo selontopaint. 

A conventional cylindrical otocl ball nlll Jax ID fillod approxi^ 

nately hr.lf full Vith auitablo oisoa otool balls (a-gurilly l/2-inch-dia:.iotor 

•balls)*    To thio nill aro than addod n ouit^lo bizod charge of tho follow- 

,- ins ingredie^n-te-: 

1,    Solefeiuri ghst pr pelletnt    fthoßo pellcto nny vr*y in oizo up 

to appro:cia".töly 3/16 to l/tf inch     in dlnnotor. 

e»    Sho organic binder being usaä na tho vehicle    5?hiß blndor cou 

: be in tho for.", of c dry solid or a oölutiion in suitable oolvont. or qolvont 

nixturo« ==<,.- 

3»    Plaotipiaoro for tho organic bindor, if any nro reauirod* 

H»    Solvente»    SvvFficient aolvant to give good "grinding viscosity» 

v in nil that ia roqjfciröd.. 

Ehe jar lo thon oloaed,. started rotating, end allowed to run for 
; approxinatoly lS to 20 houro»    At tho.ond of thiB jjoriod,' tho "JOT- is opened, 

. and the paint o;canlnodc for finongao of grind.    If tho ooloniuts is judged 

.to "bo ground finely enough,, ^ho paint let, thon ronovod fron tho jr.rr.nd 

stored in a suitable cohtainor until »öedod f os use*, KBSmiOBH), 
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In tho ohovc procedure, " miitnble oir.cd ehittjpo is considered -to bo 

r, choxfic who no frei id rolurtc id miff ieiont to fill tho voido of tho ctool 

"bcilöj rjid to cover tho stool Vile with 1 to a lnehoa of solid voluno (in 

a gaiiqn-sisod ,jr.r; lit inrgcir er.anr.ll-ar d'a?% tho höißht of tho öolid 

•vs-luno above tho Vila will "bo proportionately l^rgor or "nnaller).v   Alee, 

n, food''grinding vicoooity" io ouch r. viscooity th"t under tho opomting 

conditions of tho bfdl r.ill (i.e.. op^ed of rotr.fc-Jon, eta») the -ball« nro 

carried up tho inner periphery of tho b.~H.r.iH jsx until it rcftehcs v, 

point npproxirmtioly 3/U tho ctiatraco along tho aircunfarenas to the t-07? of 

tho jar, and then fell or ''canoado" down tho inclined plr.no fornod by tho 

remainder of tho baLlo,    Such cascading provided the naj-iraur, nunbor of 

= krpingenouta of ball against ball,  rod honco riaxirawi grinding opood. 

The following is a list 3* thao WTITOVVS in the technique of prepar- 

ing ooloniuM notrl painto, which are felt to ho worthy of otudy at wono" 

. fAituro daiai 

1»    She offset of varying tho length of grinding tino.    It in fplt 

that thin variable should ho otudiod boenuoo variation in .grinding tine 

will affect the ultinnto pcrtiolo oisso. of tho solonlun rjotal In tho paint 

which in turn nny influence tho photoactive proportion of tho rosultcvni    „ 

pniht. " - - 

2.    Pctorrvination of tho optinu« grinding vioconity whoa tho wont 

dodirablo vohiclo or bindor is found, \ .=.--- 

3-    Study of tho pooBihility of grinding, in- par* of tha rooin, and 

roduoing tho paste with tho jrenaindoj* to inprevo grindig, 
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fi thöda TJbed for Affijyfovft.. ffhotoftctivp fil-fts, 

Holfrsnlgoloniuri SpgW jjajh6& 

'*he oprnyinc of ncitcn coionivU" yttroauä filrvs is eioeonpliehcsl hy 

#10 f oJElqwirig toohniqjioo* = 

1. 2ho gcis ;<?rooeuro used for tho ntüni'zr.tlxm of tho aolonlu« liquid 

io hoatod to' ft torworr.turo OIQüQ to 10Q°Q. 

2. !Eho "bhoff prncl ooing oprnyod io ho.-.ted to a toripw.tupp whoru 

tho" vw«oro- of colon im on contact forn & vitreouo fi'ln; thiö to'*.porftturo 

io. in tag1 tnngo ox lf5°9» " 

3. "J^o tjoleniuft io nnintninod -rolton during tho aprnying operation 

te inouro a oontinuouö flov of Liquid to tho atoriiaiag oection of tho gun» 

U.    ffio rwintnin a oonotmit flow of ooloniun = to tho gun jot, a 

1>nc5: prcoouraio o:iployod on tho ourfneo of the ocdoniun. 

5?hio OIGO oorvoo to control, tho •»lorcontr.fio of atonisation,  oinco ^ 

it controla tho amount of oelov.iun Tjoing.foff.   Aiao.r tho atonixing proesuro. 

oan°T3o regulated to ebtnin tho o^tiriun atonistvtlon pf,th«> o*. snlun» 

3?ho .gun ucod for tho tVbovo if & dirtpl-o vonturi~typo loy-tanporaturo 

notallizing gun4 which oonfca1.no n rooorvoir for noitlng tho nato-riaj 'boing 

öpröyoetj and la an integral part /of tho (Run.    5?ho jot orifice io 1/32 of 

wi inoh, and io ..oimtod. ouch ao to allow tho ßaa prosnuro to oocapo through 

p. l/Viwah oponing. . -' , 

BSSJnaiOSBBD- 

;f»^un.><««iii«iicn 
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The nroccdüi'i. for *wilying A colonial iilri fc« a «r«&L is to hont 

tha panel ovor tva onou gno flnne to the arSpro::l:ats terrs&raturei required 

'C175°Ö#X mid thou pass the plate in fresst öf tho MEWQ*.hc-ing rolesöod "sy 

-tho >g«r..    If tho "baoo plate io not hö^ted tö high enough to.-"ncr-*\turo, then 

the forwntüon on the panol wttl ho gray g^st^lina eo-iöiilun.    If, however, 

the tanporrvtuf c of tho panel lo too high, then tho yr.*ooro heinß oprayod on 

thö "-fuioi will innediatcly revalorized, and no coating will ho ebtainod» 

After tho panel ia co-nlotely 6ö*Ytedf it 6"=> then bo ouonchod in water or 

nllowod to oöol tö reon fcorparatwroi either r.othod oöcf'.n to ho aatinfaetoiy 

and dooo »ot apiw.T to have _r=ny -C:?*Sö* q» the fir.nl characteriatic of. tho 

plates. *  . 

Hot Preening Golbniaa JPHr.a 

!Eho = application of aaelenlur. flln to a haso material waq 

neconpAiBKsd 1« the following Krawaro-. 

1.    Tho ooloniun wevo opxoad on tho ourfr.ee of the haae,, <&o ühot 

or pöWdor.    In addition, it wao poured on or applied as e«>Ado Gcieaiuia 

ehunko. _ . - - r    /    '      - -. '   . 

2»   Prcsau.ro io applied to tho aolonlur.i'-oontod "baoo plaood "between 

two heated platons iant.il the selonlun flows ever tho entire ourfaco of the 

haoe.   5)ho thlölsj'Oß-O of tho rooulting so-l-eniun filn ie ö. funation of the 

torttJQEc.tu»e. of th«- platens and the pressure "being appllod, 

3.    Co obtain a vuvlfern, highly-•pollohod, end onooth Burfaoo, tho ; 

oolonlur.1 lo pressed a^ainot highly poliöhod noial platono or other suvtoriala 

with otallar oharaotorlotico.    3)ho ono.o hoiag uoad.at tho proaont time are 

ßtftinleos «rtöel^ chreiivlun plated hrrvse.,. and Kioa öhoot. 

äSATTgLLß MEMORIAL. INSTITUTE 
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U.    Eho plates, nftsr toeing ^ronflofl, arc then ^ucnch'.-d into cold 

w.tor; thlo being.n^ccanary to inhibit tha growth of crystal! *no solonfeu 

Plates produced in tlio abovo rv.nr.cr hays ths following char^ßtorlatlco: 

(a)-   c highly polished 'glossy surface 

Cb)   unif ern thickness o^sr tho sfttiro pinto 

(c)    lo\r rooiotnnää on tho aurfneo of vhss pinto (loos 
wmloS ohno) "-""•=-.•' 

(a)   good adhoronss of 1&o ssloni'*n f Iln to tho baso 
material "• 

(e) no photoactSEvity of tho nlatoo i-o note» 

(f) inngoo cannot bo obtained* 

Saakaiff^ag flggdjggg: Atwlaontlor. of Photoagitivo Paint fflIran 

Shs Initial oxporincntal photoactive paint filno woro applied, by 

noang -of '.a 0.0Q3-»inch Bird fflla Applicator., er doctor blaäo.    Thlo 

tcohniquo=wfl« soon discarded because of tho following considerations* 

It la not pooolblo with a doctor hi ado to ooat tho entire surfaco of a 

tost plat«, because of tho end supports of tho doctor blado;,, Vjhlch rwjst 

root direct3y On tho panql surface-.   Also, in or,dor to obtain uniforM, filrvo 

over largo tosvt nlato areas,, otftrenoly flat toot platen aro required, c. 

condition v/hich id very difficult to aehiovo in actual prnctieo. 

Iho no?<t tcohnlquo otudiod, and tho one currently being uood., is 

tho cö nvontiondl spraying procedure ugod auito ftidoly £or applioaWen of 

painto, lacquers, oto»    Specifically, tho toöhniquo, proaontly being uood 

consists of thinning tho paint to approximately 1-7 to, SO soeonds viscosity 

ao ftoaourod In a nur.ibcr H. $o»d Q»p and spr-cyieg yiili a außtionr-typo sprey 

gur,, using twenty to thirty pounds air pposourö.    ffiho fluid food is adjusted 
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to porr.lt Slow of that a \ount of nci-at which v/111 reive a unlf or.n f iin v/lth 

us tendcaey ta ia**.   Eho naln ndYantn-c of thj ppr-yine; toehnl-'uo la that 

.15" to n wifely utsod procedure for vjhich omii*j:w3* in readily aväilaDjQ:. 

AMltional «d-¥«st.-^s .«ft that *» öxfvi'ß gfef.t flexibility inoofar ao oiiso 

.* -si^tö c;GfiT«4, pr^tr^s. ?.QaaiMlitioff. of. G^vsyprizing with p^to* 

natie oprayiri,», etc« -.-/,-"'". 

Bho third tcchnlciub v;hich hao "boon widely uood induotrially is thnt 

of dip costing.   Although thio nofchod hao not "bean uoesd to apply photo- 

active paint film»,, there apfts-ro to "DO its ^öd roanon why it should not 

"bo applicable. 

Still «nether tcehnioua which ohould r. »rit. opoclal conolderatlon lb 

the öloctröetatio «praying.   When, to lo ronoiftorod that tho ootinatod price 

p^r gallon of oolq-dto pignentcd y\invi varies between $lp and $110 por 

gallon Odbpondiiiß upon tho mount of oolon-itin uood par gallon)> thio 

: procedure;, which is clai^d to eli'-inato approximately 50 to 7*> .par cont   . 

of tho paint loo* GO everopray, hoeoMOo oopocially attractive 

Application by roller-coating. should alaö ha invootleatod, 

oopoo-iaily on flat aurfaceo, oinco tho coating loae is aloe nininiaqd by , 

this technique. 

At the prooont, at leant no oopooially difficult prohlo.no are foro- 

: soon in",regard to nothods of applying aoloniun paints ao ouch.    Tho ofcly 

prohlo« viouoliaod in thio oönnootion iß that of preparation of tho fiötal 

surfaco upon which tho oblonlun paint lo boln& sprayed^ and höre, again* 

tho probiert oheuld not prove too difficult, if it ariooe* 

JWI.•••!•• I-I.I» »ii ^w^wi^ww      . n   "11    11    1 ii _n   m', ii.    mu ——--     1.1  _uij j •••»•u-win. «•••••y«-—»jijn.ipwi.nwM.jjm, 
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H. thodn of Testing 

Sloetronet'. j %ype gor.frhir . = - - 

She ,t;Ljct-rj:v.-t<"rr ID ujv-d whenever tuntn -"-re- rrvk? coucernln/* charge 

'tr.d diooh'!^'- ch'-r*ct rlsticp öf •nhotcetivo plates. ; Ihot cacti v.,' character* 

iotlcs of nar>ilo Dlatan are ehücJ^d in a lifc'ht tight "bo:-:.    Thero in a door' 

in= tho loyor part of tho "box,  so that xsrirploo to D" tented :/iy:be placed 

inpido on an insulated plrtfor;*..    .An electrical choree in placed on tho 

pinto by ruchanü.cally driven needles "t Iilph potenti'l cueopiii;': across tho 

•surface« : A pickup probQ nountod r.bovc the eiarple ola-te, in connected to an 

externally nountod oloctronic oloctronoter« - . 

;   She upvor half of tho bo::- is wlöctror.t^ticlly shielded fron tho 

lovror part, and contains four ^"-witt incandescent lnr'flb used for exposure 

Hrhts.    Ihoso lMio wo 3-3/1* inob&ff above tho BS«31O, and are «yrjnotri- 

snlly ^located,, ©so on-each side«    She usual vo-lt.-v^ used on tho four Larjho 

i« kö voltö, which causes thnir rft&iAtion to be soner/hat in the rod rogion. 

In ordor to rionauro. chrrgo" v»otontlal, p. Central Scientific 

Electronic J&ectroneteir is" connected to the «rsfeo through n charge divider 

oynten of cHp.-'oitor-pn fiiis arrnutTS":-^* giv^s m-cliotrorie'tci» actionwhich 

iö very oonöH'ive-f tlio oh«rgo divider being used to incrcsc tho readings» 

Over long periods of tl to (several r.iautoa), tho olectronoter is subject 

to a slight drift«, \5Mo drift is ono reason for adojtia:; a fast nothod of 

nooBuring piit« characteristics« 

RggäglQgHD 
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The pr<-'oo.it Mrt'todr. of nl.t.t-   - nr-.rur.vunt h"wK-Cii derived frö;i tho 

drnvm-out r>ror*^dur'-  of t"J:i!^ ccrmlu't    &inel.r,r;;\  ourv.r. over a period nf 

novor."l rünutea,  a-id r-tüur plat>! dioch^r»^ spornt ?\rs the tine for a plate 

to lose one^half of ito ehärg.-.    In effect,  the nzvfjcnt nethod is a ,-Jonouro 

of tho disoharjrp curve initial nlo-.jo, i,o.,  if the/olr.to /VCJM to Ainchargo 

_,   at ito original rate, wh'-.t per cant öf its original charge *>oul& it lose 

in ono r.imrtc.    Ehis'lo rccoapliohod no follovn; - 

. rlf    Iho plr.te iü firot 'eJwrged nöeltivc in tho closed, dark chancer* 

2,    Its discharge voltage ov r a l^-oecond period (%) i& recorded 

for ft givsn oxpooure liefet intonaity* - 

3*    Tho plates total charge voltage (%) is recorded« 

Jron thcoc tvo values, tho overall slope of tho discharge curva can 

"bo circulated in nor coat per -'.iuuta, • 

iL—£, x 100 = 0/0/nin» light discharge rate 

ÜZ     ' '•'.''"' 

ITcgativo characteristics nay fco chccicod in. eicactly. tho sano nännor. 

To complete the photoactive characteristics,  it io necessary to 

dotorninp dark do cry rate in d siailar nanner«    (This is done as follows? 

1«    fl?ho plato is again charged pooitivo in the darkened ciwibor. 

8,    It8 dark disrehargo voltage (%) ig.noted ©wr a j50~ second 

por.tod»=-,   , -       - 

3«    EHq tetal charge voltago (%) is recorded. 

Iron those two values,  tho avoragp olopo of tho dark discharge 

curve is dotcrrlinodc 

% x ^D   x 100 sf por oont/nir.s dark discharge rate 
EC   • " - 

Sfilho nogativo darlc discharge rato is' noasurod in exactly the sane j^snor* 
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The daf. nhrct on the foil owl.* p*^ »ill  norV(, to lndla,t,.   thr 

nature of the data obtained fro-, r, ,o,l nhntractive plate. 

t'sing tho native polarity data,   tho perccntar,_. nor ;:lmrte'docv 

f iffujc would be calculated ^ follow: 

Since olootronot-r defiactinn io dte«e*ly proportion! to voltage, 

:«» deflection figures. ,lay b,, u,ed ,n>. ratio vdthout converting to volt-' 

ago, therefore,' 

Then 

% lo pronortlonal to 0»50 
% iß pro-ogrtional to 0.6Ö 

=    -=•-•        =     0.60 

sä lirjät discharge =rato 

IDark decay values would be obtained in a similar manner, 

fho principal advantage of thin oysteri is the tino required to 

evaluate a carp lo plate»    Between six and tvolve sa-^leo c^n *öc noaourcd 

in an hour's tino» , Tho calculations arc=very r.lnplo, and no graphs need 

bo drawn for direct comparisons. 

Disadvantages of the systen ars t-hat BGHO jvast; sanplos do not 

loso their charge at a linear r-t'e over a 15~second' or ^O^socond tine 

interval, and therefore appear to have a slower discharge rate»    In cages, 

srhoro this secure,  shorter tine iutefv&l? hrvvc böo:^usod and tho calcul'v- 

\ tipn fornula constants ehr.ngod accordingly. - 

tuples To sting   ' 

Tho testing of a- plate for its ability t-o produco an inago involves 

several factors»    Thoae are  (l) charging or sensitising,   (2) exposure,  and 

(3) developing.. 

•U- 
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TWÄ'OCui'oXtrm PLATS TSGTXi'G 

CHAHQI1TG DATA 

PLATE FIHS3R M^-rl DATS        30 ITov*  kg 
i    i • ITi      ii_,     i   ' —i   '      —r  

CÖATIITG iiATSRIftL       Ulfa-1 (AP£ Shotted He in Prrlon-ftggyl) " 

CQATITG T3BCTEG3      0.0005"-, .=    ...     \r  _'._„   CIZ3 ,     U x 5 . 

FLATS CHAS&F^ VOLTAGE UOOO•_ LAIIP VOLTAGE UÖ 

15 cec 

Maximum 

Positive 

D37L.f      V^LT? 

0,1 

0. &       1U0 

LIGHT DECAY 

i/inln. 

lUl 

lI@Äßetiy0 

D3FL.    -    VUTH 

0. HO 

0.6( 110 

jc/ml.n. 

JLÜ. 

30 sec. 

Maximum 

Positive 

0=9.6. 

DARK DECAY 

}£FL*        VOLTS .     $/min. 

,Q«g" . 1*2 

=l60 

JTg-^ative' 

DEFL, ,      VOLTS       'ftyaln, 

0.22 

0.46" 70 

J2i 

BEHÄHX& ..Wire T)gatrhadf  ot.eal frase, plate 

G-1259-1. ' fform Ho.' 2. 

Pigq.ro U5.    Data sheet uoad in recording- teats on 
photoneneitivQ ^iatss. 
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**1S j* r^miGTSD 

In r.nunitir.in,": a •ni^t«1»  the a.* omit of ch-r^.- developed on tho plate 

ici controlled "by volt.*v>, on the sensitising vires and spc-d of travel of 

tiic plate under tho sensitising vir- a»    In ^mural,  svieod of pinto travel 

ie kep.t constant at about 1-3/S inches vor n5nut'> * and sr^aitizln*; vire 

voltage1 is used to control the n-.ount of charge developed on n plate« 

"Distance Twt'/eon. the nctoltiaing wins and plate surface is hold constant 

nt O.U^s Inch« 

Exposure of n ol.^tc for nor*:nl test ^vunonos is "by standard contact 

printing methods.    Ll^ht Inte.aJtjr and:o*"-»oouro t-iho nro controlled to 

produce the desired (usually o^ti*;u*i) decree of contrast and background» 

Four syfT'.ctrlcally plnood incandescent lnnps (usually BO vatt) nro placed 

about 10 inches helov the «turfngc of the plats*    A vririno is used to control 

lino voltaic s,: thus vrying li$it intensity*    3«.lov SO volt light 

radiation is too rvach in tho rod rcgionf and lover vatta,;;e lanpo mist bo - 

used for lover intensities so that voltage can be kept above, SO volts» 

Aft or the plate 1ms been expo soil,  it is put inton trny, and 

developing powder is sunken.across its surface.,    She pinto is then placed 

on tho sensitizor.with n shoot of paper on tho inago surface.    Passing 

under tho high voltage vires will transfer the ina^o (powder) to the papers 

A f_ew seconds between hot pl^ons will fix the inn^e te the paper. ,= At 

iMs point j an inago nay bo evaluated.    5?ho photoactive pinto nust bo 

cloanod with grain qeal before another irsngo is taken. 

To date, practically oil inago evaluations have .boon ''.ado with. 

positive.polarity bocausc positive developing povdor is nore roadily 

available*    Negative inoges are to bo considered as soon as a suitable 

JÜSSTEIOEHD 
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•ltfU- jüszTSLicz: 

developing r»owd«.T In obtained.    -. lti»>   drawing o.i v<_-ilun i? us d "r, "•• 

nt~-nd*rd cowy ite.'V in nrd«vr th-t i-~-.?r. --*»y h>. r^dily conmrcd. 

ftps int-nice Tc?:rttn 

It v,w. found that a resiicitanco ahcch fro-, haue to filr. nurfnco 

0*01 fee Vts-c-d for dotrrriintng whether ?• plr-t.: '/ill t"J:c -a charge.    A   O« .S. 

i'iegohrjietop, srith n, nreirmn jvngc of -^0,000 "ü^oh'.G ("5 x 1010 ohria)*. was 

. usod.    tfcste 0* r- l^rgo nuribcr of pl--.ti.ro havn shown the following:= 

1. Point proves TO suitable. 

2. ' A plate will not chnrg-.   if its rcrictance is 10s <\hno or less. 

3«    Plates which will i"k>j .". ohnrgo hrvv resistances greater then 

10« ohne, with thcTYvat photo not ivi? wlntis showing resletfaces greater than 

the capacity of the instrunent, i*o.,  greater then H s ltA° girts. 

She" ryelstefiae* of rood photoactive pinto a hno "boon tentatively act at nl^out 

103-6 ohns,  this figure being b.nsed on sensitive voltorjneter resistance 

tests» 

R'tö^rrniuci'&lllty - 

Inns nie h r,p the n-vv personnel are concerned ^ith talcing data,/n 

nlninuT*. of error should he nrcaon-t in datn due t^ techniques. 

Ehe rcproduciHlUy of charge and döcny'" rn tc de-t-i for pointed 

plates is faSf," hoin/j aoout ±10 per cent.    Shis 1'a probably because thick- 

ness of pointed pintbs can be rather closely controlled.    Ho t~ sprayed' and 

pressed solonlun plates have shown noro deviation in readings because 

thiclmoss has not boon closely controllable with tho deren tary typo .of 

oquipnont used for producing those plates. 

SB33JRI022D 
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Tho oloctrojiie , loetHv.-jt^r nhovrn n t,:s-dn,iey to drift.    0?hir, 

efroct  in kept to r. ilatron hy n-kin/? r^inw In nr. 3ho*t * tine, n« 

i possible. 
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4PPTOIX IV.. 

3miApnptt;b Ifovlaipr.s. gn Yacuun Unit 
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-lSß- hHOrjir^Tü- 

l)iTMlpn.:nt itovlaln-ns -onYaevutn. Unit 

In "the Int.'Toflt of nakin/» it poosiblo to nttain lo,fer vacua for one 

phase of the pre^r.""';,  new binding posts hnvo boon dosigned and ,,ndo which 

will facilitate lo"-k detectian.    Tho nannar in which tho present binding" 

posts are sealed nakes it inpossiblo to dctcrniao whether thoy are looting 

and also i^ösolble to stop suspected leaks with r»ny assurance.    The 17*3.C. 

ruiohln-o has provision for four largo and loop snail binding poetn*    Draw- 

ings of tho now design aro shown in IPiguros kS and U?^    In these designs, 

tho vacuüri seal is on tho outside of tho syston instead of inside, thus 

linking it posqiblo to paint leaking points With giyptal.    It also olininafcci! 

.. tho practice of using, rubber insido tho syston where it is opposed to tho 

heat of tho filanonts.    An. adapter for nnking tho vacuun-tight connection, 

whoro tho cooling platen tubing-passes through tho base plato., has also 

boon nads*    A'Tofrigerfttod trap has boon do-signod.to koop oil yapors out 

of tho evaporation oharibor, but still to retain fast purging spood.    Sigurd 

kB is a drawing of thi& trap     Tho nsad for a trap conos particularly for 

thö work in which tho plate is to bg epolod below roon tonpeyature -.during 

evaporation and in -which low was euros aro desired»   A now double cooling 

platon is plannod which will clininnto t>o s sib Hi tics ef cooling syston 

leaks in tho vacuur.t chanb'or: by having it consist of ono long unbroken 

piece of tubing»    It will bo nado in two -oarts,  ono" further fron tho source 

than tho othor to allow deposition of filr.s of two different thicknesses in 

ono evaporation.    It is -sketched in figure k% 
msniGTM) 
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, DRILL AND  TAP   3/8" X 16 
1/2" DEEP 

> 5/8 " <J) 

> THESE^ HOLgS MUST NOT MEET 

"1/4" DRILL 

-"3/4" X   16    THREAD 

3/l6uT0   l/4,'~4   | 

7/8   $ 

DO NOT BREAKTHROUGH 
DRILL AND TAR * HOLE^ 
AT 120°  3/8" X IS    THREäH     - 
7/re" DEEP APPROX. •= .    ' 

HEX . SECTION 1-1/2" AGROSS FL 

\V\^BBER; GASKET- I/I6a THICK 
X I" X   24    THREAD 

N SQUARE OR HEX,-FOR WRENCH 

|      W    / ^:,/8"" ÖD. COPPER TUBING 

H^"  ; OFF  CENTER (APPRO*. 3/64"). 
= if   NECESSARY 

TO HAVE ROOM FOR BOTH TUBES 

•ATS 

r 

FIGURE   46; WATER-COOLED   BINDING   POST  (STEEL V   ' 

0-JO, 074 
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ro 

CM 

N03 

! 
"t- 

fOjQS 

—j 

*    * 

"— -*- 

' g   X -16   THREAP 

R    • 8 

HEX. SECTION 
l" ACROSS FLATS 

£i   v |   X  1-6   THREAD 

FIGURE   47.   SMALL   BINDING   POST 

0-10,075 



FKBW£   48-,   TRAF   DfS-lSN 

49. DOUBLE COOLING PLATTEN 

P~r0,.076 



V.V7M •••<>-—t.-. 

—KtiwftiWiHwyMwijt^— uijKwo 

HST*,TllTCT:3a 

T1./0 nw V.-CUUH ft-vc.» have b«..-.i lirodurc-a.    Ono to n Pirfini whoao 

SPAR^O iM 1 t0 500"r,iöro»8 covered In tvo-ivr.lo acttin/;a, pcrrrtttinf: sood 

^cowftcy in rcr.dift£.    'fhc other In nn loniz.-vVon g.^o,  dooißno*ad EBM-36 

^ its ouwlior, Dlatillr.tton rroductö, Inc.    Kilo oxUndotoo presavtro 

J?*agQ oolovfthnt covered" "by the dlocfh/\r.ßr. g^c'rand covcra it noro 

accurately. 

All of thcr.o chaiißco and ftdditiono arc not c«uy directly a~jplicn>lo 

to this particular phaoö of the problo*<f  tat ".olro tho onulpnont tforo 

convonlont to uoo nnd: nore adaptable to othor phaooa of tho vork*. 

RtSiRlOJDED    I 

whuMliaiH^M. 
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•l%- 

AITEKDIK -V. 

govrqf Oupgiy for goasitisilnyr Plyttra 
IMIUHOI IHWI   *»^n;in*m»*i >»i<iw)*i»»iiiri •H.HWTIHII— my [•«•»^•J.MIIIU^UBIUM ainlmnwniiuwii   i- 

Ono power supply« wii'tfd ao shovm in Fif^rQ 00, hnv bean eorrplat*jdg 

and -the parts for two nsrc pewor sullies of this typo havo "boon procured» 

JSulk-scalo deflection öf the fcero contfcrod nift2?£Annok©r will indicate 10 

po^jc kllbvoltswhoa a sorios rosisfneo of 5,36O-,.O'0O ohns la used.    3M» 

refistnivoo has "boon calculated with the assumption t&at tho voltftgo. 

appearing across thö hlglv-volt/Vrü trnr.sf error secondery winding will "bo 

sinusoidal.- 

Tho advantages of a power surmly based on this particular wiring 

dingrn;*. aro Ustod^bolow: - [ 

1. SPola'S/ity switchi^g is accomplished in a low-voltngo circuit» 

&*• All cojaponemt parts are stock itons which aro readily available, 

3» It can bo oasily and quickly constructed*. : 

c k» Tho polarity is clonriy IndiM-tcd during Ußo» . 

5«' $ubo failure con bo decoct öd by norcäy witching polarity* 

'  '6. Eiis typo $f power supply is pxtronply easy to operate:   .only 

one control is no dp disary for switching both polarity and high voltage* 

EsraajR-roffi5D 
•«r«.-ii.»,i„jti tyunwi 
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-Vfr Rü;r.TÜICT"3J 

A3?FSIT? VI. 

rgttr.fi. Fyobo ^ic-aitorotor 

A vibrating Tü*GÜ>iß typo of electromotor was constructed in order to 

obtain roro accurate noasurer;Gntn of the oloctrical ch*>.rrct.ortotico of. 

L oloctrophö'to-graphic piatos.    She present desi/71 of tho apparatus rakos 

possible tho r.oasuru.'^nt on a tvo-contir.ot«r«dianGtor circular area of tho 

olöctropheto/graphic plate,, «/it-h an accuracy of plus or ninuo ono volt,,- for 

slow voltage change rates»    Tho inatrunent hao also boon usod to noasuro 

decay rat as of Insulrtinß binder natarirvls. = 

The principle of a vibrating probe type of electrometer involves 

the vibration of a high impedance prbbe in the electrical field of the 

. object whose 130tentis.1 on cnarge iö tö be measured..    She variation in the 

object to probe distance during the vibration causes a similar variation 

' of the capacitance betueöii the probe and the object»    This variation in 

capacitance between the probe and t-hs pbiaet. I^ääAS 4 yayigLtien. in 

• -the p-^tgntial öf the probe.»    The probe sansiti'vi'ty of ;this type of 

; electrometer  (the ratio between the AC voltage on the probe to the voltage 

On the object) will always bo less Ishan the probe sensitivity of non-^ 

' vibrating types of electrometer s (the ratio of the potential on ..the probe 

to the potential on the object;) if the physical dimensions of the systems 

are the some«    Howav£:r> the ease with which Ac voltages may be amplified,! 

; end. the fact that the probe, may be maintained at ground potential (through 

a high resistance)' overshadow that, disadvantage*    fhe ultimate sensitivity 

©ATTgLLE   MEMQftfAU   INSTltUtJE 



-!•});- PJOTICT^D 

of the vibrating type of  instrument in do+.cruin«d "by *h*» priount of.electronic 

noi'p* dPVf?lo'.M?dt    2he drift of th*» rilnctrometw in &ora» 

A ee-nor.'»l view of the vibrating -nmbe olectr^raetsr la shown in 

ftifW® 5"1» ^y purpose öf description, the instrument may bo divi-dad 

into three pertsi (l) the vibrating element, "(2) the pinto holder and 

charging method,, and (3) the electronic portion of tho instrument. 

An isometric drawlr.fi of the vibrating element is shown in figure 

5e*    *"*he probo cylinder Id made of brass, shimstoelc formed as shown and 

solderea liffto a rifjid unit,    "he cylinder is supported by Wo polystyrene 

Y'g^ the junction bgtueen the polystyrene and the cylinder being surrounded 

by conducting sleeves to eliminate extraneous' iriboelaetrio difficulties,. 

She polystyrene txa were attached to two por-naneat me^n^t-opeak&r voice 

coils,    Ehe phy sic&ljxrrjuagement m tftQ-WB in the figure was such äs to 

permit .'ö beam of light to be paused between the two speakers and through 

= #h% pr<&# -gyilfiuer t^thwu-t i-nterfdirenec"»    Th& probe element is driven by 

'2^ cp*s. alternating current» and for a 0.15 cm, amplitude of vibration,. 

; the system uses awirfc 2 -vraits 0? «-nstjEaF»    *«§ voiqe coils are mounted in 

.." the speaker permanent magneto by adjustable* flexible plastic spaders (not 

dhöwh in the drawing).    ü?he el&ctricel connection to the voice ceils is   - 

; made through li^vfc phosphor brön?e springe* \-    __ 

She plate holder; and a detailed view of the tes/t area are ^ghsjsskln 

. tfigurs 53. '~'»3 täff* ares consists of a\tw«>-oentimeter^4iameter circular 

hole cut into a %/Srimh äteel gr^nd plate, against which/a plate _te;_be 

tested is held £nd in front -vi Which fhfr pgobe element, vibrates*-    2?he 

; region' £ri wh&cfc the vrebe derates if magnetically and electrically- 

*nWM»3Mf**iPM*ialf«9^m 
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/-NO.   13    SPEAKER    VOtC:£   COIL 

Y~- 

CE14-ULOSE NITRATE 
CEMENTED aOINTS 

|^•Qt5CM. 

8 CM, 
j 

0.2  x 0,2   CM. POLYSTYRENE 

PHpSPOg  BRONZE    l\ 
SPRINGS 

Y    .  / Air 
?-    \ 

0.015   BRASS 
FORMED m> SHOWN.] 

SPQR  aRQN;2, C      .1. ,t-t Jk.r*. 

FüLL SCALE ~ ISöMETRIG 

mim m VIBRATING RRQ& E. ELEMENT 
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SUOK1NÖ VOLTAGE   - 

LEAF   SPRUNG 

BRASS PROSE 
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nhiel4o& by a tö>: .-onntructf'rt of X/l6-inch soft iron»    Thir* r»r.iyr.+.yro«« Yxe 

of the probt-- pa on throvi";r    ..:-.ö *n the no.v,. ,«..„  wir J.I,T^ ^nsum p.'Wrtoc 

through a hole on the m;is of the probo nnd the   Mftt Area,    0.'he pl-'vbe: 

holder io a spring-mounted section euo with «an insulated needle contact 

eonneöted to a potential suonly»    3Jhg suction cup can "be sv/unc-down 

horizontally SQ that the -elate may be charged»    She charging apparatus i-s 

a single corona needle whiofc can be swunß into sparging position abo^g the- 

platej. os- to one side so  that the plate may be raised into the measuring 

position»    ' ; 

' Ehe electronic port'-on of the eleetrometpr is an shown in Pip^e 

5U»    The; probe is- connected to the grid of the voltage amplifier through a 

T)ho/3phor bron:;e a^n.i vMch is shumtecL to ground by a ten^megefejo    - 

r^öiötöfe    The amplIfier_circuit is ^ standard voltage amplifier with & 

b/and pass filter (narrow pass band at g^O o«p4.s.) attached.    She output 

of the filter is fed to an oscilloscope-. _—-: 

The electrometer is operated as follows:   A nlate is placed on the 

palate bolder and changed at the voltage and tisis d&sire-d*    It io then 

swung up Against the ground #late.    If a charge has remained on the [plate,* 

; sftJg -wave fcma will ap^ar on the oseilloscope«    Shis pattern may be 

^;eHminatad- by aether-- raising tits voltage of the« shielding until _the voltage 

;is'the sw as that of the changed surface), or 'by lowering the voltage on 

: the Mplciai plate u^til the voltage is ins negative ^f that on %2sä platf». 

& ^eitntetea? &r'potentioms%a£ *i£y then be \\Q®& to measure tbq.1 voltage applied^ 

' to to- Shielding or plate backing.    Using: "S*&s method", ah agröUracy of 

; premier tssji o*e **c&§ ü%n sagily 00 obtained«. '•__,.. —• 

H&i+<mUj^m*m^M^n*Kiß^i^v>mi!%!t*:Mf i/ktyKi^JjigwUWjM«ilSwin« ••«iJM'Jj VJ-Ä**1» 
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-POO* ffisigffgga 

VJwa opiated an <*<*»,  it  lo obncrvnd that a nmll oignal points 

j     even when all ohä*idinC and the vißte nurfnce to pounded.    The signal io> 

i£'—*1     _ — —. •&   £,- somewhat out of phase with the aignal mulling; f*om p^t^«xax& cm tu 

Ptoe bains tested, but it can be brought to an -unobjectionable minimum 

by the application of a »rote/; witaße to the plate backing of the order 

of a voitp..\      "•-•". "= = ' 
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ATPSM: vi T. 

Llpiht -Sources for ggg f/ith Vibr&tinff JProM HlectjreiBetBr 

Kpng.chröJ3&-i.i« 

Description and Arrangement of Apparatus.    She Seelanan Iroael DU 

Photoelectric Quarts Spoctrophotometer Is uaed an the I'lght source in the 

measurement of- spectral character!'31ico of xorogranhic plates.    Its useful 

:   range. i§~in the region 22Ö -> 10QÖ millimicrons. 

As adapted for our mufptfse-, 'the pho-totubö housing of the monochro«* 

mator is. removed bhus permitting direct utilisation of the m\op;ochromatiBed 

beam as ft emergeä from the sxit slit*    She tungsten pnd hydrogen tubss , .. 

vföicii are conventionally •Used with tire equipment are, however,, retained as 

; —iftepximäryriight «ourcasv   OJhey can be interchanged age or ding, to the 

•   spvtrtral range de sired.\ 

In all experiments to data,- the monoehromator has bean placed at 

a distance of .about: 20 Inches rrom the plrte under «tudy._ j&l^joM^^osg^-::; 

t^nffrr.s to, the requirement that the/ light beam eisfeirely eo^er the jjircUjLar :; 

"test i?ea Of the pla-tsitor any practical slit width setting and that the 

intensity of the TMaa be ^ssföftebSy ^csista&t =0^er -tMt = &rea»    She beäK> ish    : 

incident no^tia'ily,%) the nlato and #s directed in such a manner that '.Sie; 

.öjsfcter :of §he beam, strikes the center of the circular t&st sTöäü ~~^~ '__"~ 

"".' ."'  TSälibration»    I» order to determine the uniformity of the beam at 

a distahco ®$ 80 laches f^-om th«,©*it silt of tho madehron^te? an ^p&ey 

• , ^ 'EM» 

Lsu. 

BATTÄUL6   «vfgMeRJlÄU  LMStjfütE 



mZT&tGTSB 

m. 

-•l:       Wä 

-J. 

X  

thermopile used in conisatetioa with a ornifl-ltlfa (0,0000U nicrQ-wnpov/ioaR») 

marine co#l /galvanometer was movod aero«t& tha: beam and the ßalvanoffleWr 

döflectionc correonoKi'ftln^ to firmed poo'itions of the thermopile noted»    In* 

•^BittdÜ as the pro-sen^ Ibent w?^n "es^öratory in nature-,  tho controllable 

var'i&blofa dsli-fc width.» wave ifafyfbh,  etc.) were adjusted tp provide tie most 

fwerabinrcondi tiefte for fest.    For'ilio reason,, the nonoehrsmator out 

was opened to maximum'width (P mm.) tod the wave length set at an energy"* 

rich portion of tho spectrum Cl'550 millimicrons);»  .The pi it. oiJMitft-e.ojp.fhfi 

thormopilg-VöTQ1 set at U mm?   , .. _-.-,V'~   • >" 

She registered intensity (as galvanometer Reflections versus 

displacement of the thermopile normal to tho beam diraotieft io shown in- 

Pigure 55.. . SJmsö" the test area t* 2s.0 cm.  in diameter,  it io aeen that the : 

l&ten^ft^ -^ill; feg yomtorabiy- unifoTm gwr this area-«   tfodoubtediy.,  the 

intensity distribution over the area v^li v#ry'w£th monöahfsm&tQr silt   : 

v?£dth and wave length set ting»    ipurthor tests will "be co&ducted to = 

establish intensity variations with slit width and wave length ce-ttingo', 

at' valueg determined by future worrle. _.--.- 

^——_--^dssf^e'-tuagi*ipÄ~"ii55h,t sous'eo,  the ihte&&ity of the boom at    -- 

the teit gortat w&o plotted again??* the wa^e^lenftth setting«.   Since the 

i».t©m-ity ij a function of slit width, as well aö a wave length,  it was; 

issidsi to- fix the slit width at euch a value^ that th« apoctral band itfidth   , 

jpjemaihed constant for each wave, length setting.    £. spectral .band vi'dtli of     | 

„27 millimicrons was chösen 'bgcäüflie ät 35ß millimicrons. '<an anörgy-^poör 

portion of the spectrum! this allowed a full slit oPeiUn£.Qf• t~m* 
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In order- fo avoid the m-olnnwd "nit -for *v,  *i *,    , . *MI »f/.a   fp.it sor the thermopile to com© to 

«rttite*. ,ith te wok MdltttiOT1 „ th,. te8- )mint ma thft owcwoiit 

pro»»»* Wt, th0 th0M6!3ll0 vma plnMd ^ a ^ aitoay betwera a& 

silt and, the tcuft point äiiö M*O In tern* ff* ^„J4 ] *"n tno intensity readin/ts .extrapolated to tho- 

j    planned. 

«ho resale 0r these TOasttPflftnai* 4» «wn in *-—„ «g    '   = 

aum». «^«towi« M4ng m ^toöeen aioohf,rgo Ush1. souw   we 

|   and o?«q«i ote.d^tloi rf ÄresteBhte ,,^   ^ oomo proWaoa a 

"WW'ta,fl' *8* *'*«** »onochro*^ H,*,. wislÄ (!) '^ b8 

6 ^nt, or C3) oattDsBoa» to'ftlwgo from a point.    •• 

A pietortaj. alcotoh of tft* Ettfrt «ODSM IS säiotfft *- *+„.„• «," 

j   wiring di&grasi i-s, .shown in Figars- «**. * -   . 

J 

ÄÖül! ^ 
•SBi««*"^ ^^•••IUHJJ^.V,^^^ 

'?«T*fcUüe -M5M*>KI$L-^4*JTü.T& 



-jy^f^JLjfcsufoiini^jkjrti^a^ 'i ifr^f-» 

£w&/tiim\'ii%m 'AMsmxm, 



t 
CO 
o 
Q 
I 

D 

RIBTRIGTEO 



- 3- 

-»«"Wl" n*. 

V. A.c. 
-^CK'Q— 

;W 

J 

P 
U&ftfffiftjyL. 

-/ 

iS 

\ 

-A "; 

*••» a rf 
;§8;W«|W& OtMAM* FOR ÖÄTTCitg LIGHT SÖUßCS. T 

Q- J/JQft» 

..tbiZ? feT'DS/%•*»• 


	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151
	0152
	0153
	0154
	0155
	0156
	0157
	0158
	0159
	0160
	0161
	0162
	0163
	0164
	0165
	0166
	0167
	0168
	0169
	0170

